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Cleft lip with or without cleft palate and isolated cleft palate are some of the most common 
craniofacial malformations1. The incidence of cleft defects is 1 in every 500 to 1000 births 
worldwide2. A WHO study on the health care burden of craniofacial anomalies stated that 
a child is born with a cleft defect somewhere in the world every two minutes3. The etiology 
remains poorly understood, but both non-syndromic cleft lip with or without cleft palate 
and cleft palate only are thought to be multifactorial traits, with genetic and environmental 
factors contributing to risk4. 
The research included in this PhD-project was performed in India in the erstwhile state 
of Andhra Pradesh, which is the tenth largest by population with about 70 million 
inhabitants. In 2001, we performed an epidemiological study that showed an incidence of 
1.09 cleft births per 1,000 births in the state5. This meant that almost 1,900 children with 
cleft defects were born annually.  
Treatment for children born with clefts developed rapidly in the state of Andhra Pradesh 
between 2000 and 2005 with the establishment of cleft treatment centres at many 
locations. Our centre, the GSR Institute of Craniofacial Surgery 
(www.craniofacialinstitute.org), was set up in the year 2000 in Hyderabad as an exclusive 
stand-alone medical facility to treat cleft and craniofacial defects.  
The large patient volume that was attracted to our centre encouraged the start of 
clinical research projects. Data collection for research and auditing became an integral 
component of our daily routine. In 2010, the founder of the GSR Institute of Craniofacial 
Surgery Prof. Srinivas Gosla Reddy, defended his PhD thesis with a project that focused on 
cleft lip repair (“Unilateral complete cleft lip repair: a modern morpho-functional surgical 
approach”). 
This thesis focuses on some characteristics of primary and secondary cleft palate 
treatment options. 
Complete rehabilitation of patients born with cleft defects requires an interdisciplinary 
team approach and protocol-based treatment. Primary cleft lip and/or palate surgery, 
alveolar bone grafting, orthognathic surgery and rhinoplasty are part of the protocol, as well 
as speech therapy, ENT assessment, orthodontic treatment, genetic counselling and 
psychological support. 
Cleft palates can be unilateral or bilateral. They can be complete or incomplete. 
Incomplete cleft palates can be clefts of the hard and soft palate or isolated clefts of soft 
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palate (Figure 1). Additionally, there are submucosal cleft palates. Submucosal cleft palates 
can be present in the soft palate and hard palate or the cleft palate could present as a cleft 
of soft palate with a sub mucosal cleft of hard palate. 
 
In this thesis, we restrict ourselves to discussing complete unilateral cleft palates and 
their repair.  
 
 
Figure 1: A: complete unilateral cleft palate, B: complete bilateral cleft palate, C: incomplete cleft of hard and soft 
palate, D: incomplete cleft of soft palate, E: submucous and incomplete cleft of the soft palate 
 
1.1 Palatal Surgery 
The aim of cleft palate treatment is to repair it in such a way as to provide an effective 
closure of the oro-nasal communication and to develop normal speech and growth while 
ensuring that wound dehiscence does not occur. This statement is a simple one to make but 
a complicated process to achieve.  
 
The closure of the oro-nasal communication is done using muco-periosteal tissue only. 
The bony component of the hard palate is not repaired since there is no need to replace it. 
Surgical closure is performed by mainly rotating or stretching adjacent mucoperiosteum of 
the hard palate leaving areas of denuded bone to heal secondarily. This leads to wound 
contraction and scar tissue formation and a risk of wound dehiscence. Although wound 
A B 
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contraction is a favourable process in the short term, the scar tissue formation that follows 
impedes subsequent growth of the palate and the midface6.  
Speech development after cleft palate repair is dependent on various factors. Here the 
insertion of the muscles of the soft palate like the levator veli palatine, palatoglossus and 
palatopharyngeus are affected due to the lack of continuity in the posterior border of the 
hard palate and the absence of the palatine aponeurosis. This gives rise to the challenge of 
re-orienting the palatal muscles during cleft palate repair in such a way that an adequate 
movement of the soft palate reduces velo-pharyngeal insufficiency.  
The growth of the palate is also of importance. The palatal and pharyngeal area is home 
to a number of important structures such as the hard palate, alveolar ridges, teeth, various 
types of mucosa, muscles of the soft palate and pharynx and the Eustachian tube. There are 
also important neurovascular structures present in the area. Any surgical procedure done 
in this area does affect some or all of these structures and such effects can become apparent 
when the patient grows older. Midfacial growth deficiencies, malocclusion, velo-pharyngeal 
incompetence and middle ear infections are the most faced problems. The challenge of 
repairing a cleft palate while ensuring that growth problems will not occur is, perhaps, too 
idealistic. A more prudent approach may be to accept that some patients will face problems 
related to midfacial growth and ensure that sound strategies are developed by the surgeons 
to treat developmental defects arising out of primary cleft palate surgery. 
There is very little agreement between surgeons on the timing and technique of primary 
cleft palate surgery. Surgical cleft palate repair can be done in one or two stages at varied 
ages. Many different techniques are being used. Popular one stage palatal surgery 
techniques include the von Langenbeck7,8, Veau-Wardill-Kilner pushback7 and the Bardach 
two-flap technique9,10. Schweckendiek11 and Delaire12 advocated the two-stage palatal 
repair but at different ages. Braithwaite13, Kriens14 and Sommerlad15 advocated 
intravelarveloplasty in the soft palate by re-orientation of the levator muscle while the 
Furlow Z-plasty technique was developed to improve soft palate length16. 
The large variation in cleft palate repair techniques and timings cause immense 
confusion with regard to the optimal technique to use. Review of literature is mostly 
unhelpful because most studies conducted to test the efficacy of different techniques are 
not of notable quality, which results in minimal evidence for any particular surgical 
approach17.  
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1.2 Post-surgical complications of palate surgery 
There are three important complications that can develop after palate surgery: 1) fistula 
formation, 2) velopharyngeal incompetence (VPI) and 3) maxillary hypoplasia. Post-
operative haemorrhage is also a known complication but in recent times with the advent of 
newer techniques and better understanding of the local anatomy post-operative 
haemorrhage is not a cause for concern in our practice17. 
 
Post-operative fistulas occur between 0-77.8% of patients after primary palatoplasty18. 
VPI has been reported in 5 to 36% of patients who have undergone primary palatoplasty for 
cleft palate19-21. Patients with repaired cleft lip/palate often have diminished transverse and 
sagittal maxillary growth in approximately 21% of the patients22. 
 
Rehabilitation of patients with cleft defects is now universally accepted to be done in 
stages and to include surgery, orthodontics, speech therapy and involvement of ENT 
surgery. The burden of care to treat a child with cleft defects is high. Most patients with 
clefts are treated periodically from birth till they are 18 years of age, after which their 
treatment may continue sporadically. The length of duration of cleft treatment makes it 
imperative for the patients to receive adequate and complete treatment at the primary 
stage. Each secondary surgery adds to the burden of care and sometimes leads to patients 
not completing their treatment. However, it must be reiterated that secondary defects in 
cleft treatment are inevitable and cleft teams must be prepared to treat such defects when 
they occur. 
 
1.3 Aim of this research 
This thesis aims to study some aspects of primary and secondary cleft palate repair. The 
primary thrust of this research project was to compare two-stage and one-stage 
palatoplasty to conclude which technique produces lower fistula rates and better speech.  
 
To reach such a conclusion we decided to first establish the incidence of cleft palate in 
the area the research was conducted. We also performed a systematic literature review to 
ascertain if there are other studies that have been conducted to investigate if a one-stage 
palatoplasty was better than two-stage or vice versa. We also tried to find solutions to 
reduce fistula rates and improve speech results. 
 
1.4 Overview of the thesis 
We start by identifying the problems of cleft defects around the Institute that was set up to 
treat such defects. The aim of the first study is to determine the incidence of cleft lip and 
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palate in the state of Andhra Pradesh (later split into two parts Andhra Pradesh and 
Telangana), where the cleft centre is located. This study is detailed in chapter 2. 
In chapter 3 we perform a systematic review to determine whether one-stage or two-
stage palatal repair is more beneficial for maxillofacial growth, speech and fistula rate in 
patients with non-syndromic unilateral complete cleft lip and palate.  
A study to investigate the effect of a one-stage versus two-stage cleft palate repair on 
the incidence of hypernasality and fistula formation in patients with unilateral complete 
cleft lip and palate is the basis of chapter 4.  
In chapter 5 the aim of the study is to investigate whether placement of an antibiotic 
oral pack on the hard palate reduces fistula rates after primary cleft palatoplasty. 
In chapter 6 the effectiveness of a modified Furlow Z-plasty in improving VPI by 
comparing pre- and postoperative nasalance scores is described. 
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Summary 
Objective 
To assess the incidence of cleft lip and palate defects in the state of Andhra Pradesh, India. 
Design Setting 
The study was conducted in 2001 in the state of Andhra Pradesh, India. The state has a 
population of 76 million. Three districts, Cuddapah, Medak and Krishna, were identified for 
this study owing to their diversity. They were urban, semi-urban and rural, respectively. 
Literacy rates and consanguinity of the parents was elicited and was compared to national 
averages to find correlations to cleft births. Type and side of cleft were recorded to compare 
with other studies around the world and other parts of India. Results: The birth rate of clefts 
was found to be 1.09 for every 1000 live births. This study found that 65% of the children 
born with clefts were males. The distribution of the type of cleft showed 33% had CL, 64% 
had CLP, 2% had CP and 1% had rare craniofacial clefts. Unilateral cleft lips were found in 
79% of the patients. Of the unilateral cleft lips 64% were left sided. There was a significant 
correlation of children with clefts being born to parents who shared a consanguineous 
relationship and those who were illiterate with the odds ratio between 5.25 and 7.21 for 
consanguinity and between 1.55 and 5.85 for illiteracy, respectively. 
Conclusion 
The birth rate of clefts was found to be comparable with other Asian studies, but lower than 
found in other studies in Caucasian populations and higher than in African populations. The 
incidence was found to be similar to other studies done in other parts of India. The 
distribution over the various types of cleft was comparable to that found in other studies.
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2. 1 Introduction
Oro-facial clefts, particularly cleft lip with (CLP) or without (CL) cleft palate and cleft palate
alone (CP) are a major public health problem affecting 1 in every 500 to 1000 births
worldwide.1,2 A child is born with a cleft somewhere in the world every 2 minutes according
to a WHO study published in 2001.3 In India alone the number of infants born every year
with CLP is 28,600, which means 78 affected infants are born every day, or 3 infants with
clefts born every hour.4
India is the second most populated country in the world with a population of 1.02 
billion.5 For its administration it is divided into 28 states and 7 union territories. Each state 
is governed by an elected local government, while the union territories are governed by the 
Government of India directly through its representatives. Andhra Pradesh state is in the 
south east of India. 
The purpose of this study was to find out the incidence of cleft lip and palate in Andhra 
Pradesh. This study was carried out by a high volume center in the state of Andhra Pradesh 
in association with the Government of Andhra Pradesh. The reason for the government’s 
involvement with this project was to find out its impact on the health delivery system so 
that effective treatment could be given.  
2.2 Study design: 
Andhra Pradesh has a population of 76 million and is divided into 23 districts. Hyderabad is 
its capital city. 
Three districts were chosen for this study Cuddapah, Medak and Krishna. They were 
chosen for this study for their socio- economical diversity.  
Cuddapah district is a predominantly rural district that is drought prone and under 
developed with the lowest per capita income in the state. The population has very little 
access to health care.  
Medak is a semi-urban district. It is also an arid district but the population here has 
access to good health care because of its proximity to Hyderabad.  
Krishna district has the highest per capita income after the capital Hyderabad. It is an 
urban district where the population can afford health care.  
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This study was conducted in 2001. The survey was conducted in collaboration with the 
administrative head of each district, known as the District Collector or Magistrate, through 
a unique program called the ‘Janmabhoomi Program’.  
During this programme the government did a detailed health survey of each of the three 
districts Cuddapah, Medak and Krishna, where a medical questionnaire is filled in by each 
resident of the village/town. Cleft defects were included in the questionnaire in the form of 
one question which was, do you know anyone in your village/neighborhood that has a facial 
defect? If the answer was yes, then the local Primary Health Worker would identify the 
person with the cleft defect and investigate whether the cleft was a CL, CLP or CP. If the 
cleft was a CL or CLP then the side of the cleft would be noted. The parents’ literacy and 
consanguinity would be noted.  
Simultaneously, data was also collected through the District Medical and Health Officer 
(DMHO) and the District Education Officer (DEO). The DMHO obtained information of all 
clefts born or reported through primary health workers who are there at primary health 
centers, which are established in every three villages and in every town. The DEO obtained 
the information through schools, which are established in every village and town. All the 
data recorded was entered into a database for further correlation. 
The literacy rates of the parents were used as a marker because it is very difficult to 
obtain the exact per capita income of parents of children born with cleft defects living in 
rural areas, who depend on agriculture for their earnings. Agriculture in India is seasonal 
and yearly income fluctuates from year to year and therefore an accurate reading for 
income is not readily available. The literacy of a person was thought to correspond better 
to the socio-economic status of that person. Income from agriculture in India is exempt 
from income tax, and people completely dependent on agriculture need not file the details 
of their income. This means that all government data on income in the rural areas of India 
are hypothetical and not exact. 
Consanguinity is a widely practiced ritual in Andhra Pradesh. Marriages up to one degree 
of separation were taken to be a consanguineous relationship i.e. between a girl and her 
maternal uncle or between the girl and her maternal uncle’s son or her fraternal aunt’s son. 
Therefore consanguinity was noted of the parents to establish a correlation between the 
two if any. 
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The age at the time of the survey and sex of the affected child were also noted. The age 
at the time of the survey was noted so that all children below 1 year of age could be counted 
towards the live births in the district for that year.  
To estimate the incidence of clefts based on gender, parents’ literacy and consanguinity, 
background variables with a known distribution in the general population was needed. 
National census information for gender and literacy was available. To obtain the 
background variables for consanguinity a small cross-section study was undertaken (N=100) 
in each of the three districts. 
2.3 Results: 
The population, distance from Hyderabad and literacy rates of Andhra Pradesh and the 
three districts are given in Table1 
Andhra 
Pradesh 
Cuddapah 
District 
Medak 
District 
Krishna 
District 
Population 76,210,007 2,573,480 2,662,290 4,218,410 
Distance from Hyderabad (km) 300 50 250 
Literacy rate (%) 61.11 64.02 53.24 69.91 
Table 1.  Demographic information on state and district level. 
The number of patients with cleft defects in the three districts were Cuddapah 556, 
Medak 490 and Krishna 376. The age at the time of the survey and sex of the patient are 
given in Table 2.  
There was a male predominance for the cleft defects in all the districts under study. 
(Table 2). Literacy rates of the parents of affected patients showed that Krishna District 
statistically had the highest literacy rates as compared to the other districts (Table 3).  
With regard to consanguineous marriages Cuddapah had the highest percentage within 
the patient group compared to the other two districts (Table 3) 
There was a high incidence of Cleft Lip and Palate (CLP) in all three districts followed by 
Cleft Lip (CL). The incidence of Isolated Cleft Palate was very low. (Table 4)  
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There was a higher prevalence of unilateral clefts to bilateral clefts. In unilateral clefts 
there was a higher prevalence of left sided clefts as compared to right sided ones. (Table 4) 
We calculated the prevalence of clefts in each district by registering the total 
number of live births in each district in 2001 and dividing it by the number of children who 
had clefts and were under 1 year in the same district. 
The incidence of clefts in Andhra Pradesh was calculated by defining the average 
of the incidence of clefts in the three districts. The number of live births in Andhra Pradesh 
during the same period was 1,666,000 (Census of India 2001). Assuming the incidence in 
the state as 1.09 out of 1000 live births, 1830 children were born with cleft defects in the 
state of Andhra Pradesh in 2001 (Table 5). 
Table 2.  Age and sex of patients 
Consanguinity of parents Education levels of the parents 
Consan-
guineous 
Non  
Consan-
guineous 
No 
Education 
(%) 
Primary 
School 
(%) 
High 
School 
(%) 
Graduate 
(%) 
Post 
Graduate 
(%) 
Cuddapah 
District 
324 232 
698 
(76.7) 
171 
(18.8) 
25 
(2.8) 
14 
(1.5) 
2 
(0.2) 
Medak 
District 
243 247 
573 
(63.5) 
262 
(29.1) 
46 
(5.1) 
18 
(2.0) 
3 
(0.3) 
Krishna 
District 
155 221 
292 
(40.1) 
251 
(34.5) 
151 
(20.7) 
24  
 (3.3) 
10 
(1.4) 
Table 3. Consanguinity and education levels of the parents 
Age at the time of survey Sex 
<1 
year 
1-16 
years
>16 
years
Male (%) 
Female 
(%) 
Cuddapah 
District 
75 390 91 
405 
(73.1) 
151 (26.9) 
Medak District 57 345 88 
313 
(63.8) 
177 (36.2) 
Krishna District 71 241 64 
218 
(58.1) 
158 (42.5) 
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Table 4. Type and side of cleft per district. 
Cuddapah 
District 
Medak 
District 
Krishna 
District 
Andhra Pradesh 
State 
Live Births 65,562 49,504 69,741 184,807 
Cleft Defects 75 57 71 203 
Incidence 
1.14 in 1000 
live births 
1.15 in 1000 
live births 
1.01 in 1000 
live births 
1.09 in 1000 live 
births 
Table 5 Incidence of Clefts per district. 
The relation between incidence of clefts and background variables was also calculated. 
For gender, the national census information shows that the ratio of males to females is 
1000:993 (Census of India 2001). This information regards the national ratio as information 
on a district level is not available. For literacy rates, using an education level of primary 
school or higher as a definition of “literate”, the percentages for the districts were 
Cuddapah 64.5%, Medak 53.2% and Krishna 69.9% (Census of India 2001). For 
Consanguinity the prevalence in a small cross-sectional study of 100 couples in each of the 
three districts was Cuddapah 21%, Medak 12% and Krishna 9%. To convert the percentages 
into absolute numbers for the background variables for gender and literacy it was arbitrarily 
chosen to be 1000. 
The odds ratio for a child being born with a cleft in relation with gender is 2.50, 1.65 and 
1.29 for the districts of Cuddapah, Medak and Krishna respectively. With regard to parents’ 
illiteracy the odds ratio’s are 5.85 for Cuddapah, 1.98 for Medak and 1.55 for Krishna. 
Consanguinity is 5.25, 7.21 and 7.09 for the three districts respectively. All 9 odds ratio’s are 
statistically significantly above 1, as can be seen from the 95% confidence intervals (Table 
6). 
Cuddapah District (%) Medak District (%) Krishna District (%) 
Isolated cleft lip 167 (30) 156 (32) 139 (37) 
Cleft lip and Palate 368 (66) 319 (65) 226(60) 
Unilateral 422 (79) 370 (78) 292 (80) 
Left    262 (62)    244 (66)    184 (63) 
Right    160 (38)     126 (33)     108 (37) 
Bilateral 113 (21) 105(22) 73 (20) 
Isolated cleft palate 16 (3) 12 (2) 9 (2) 
Craniofacial cleft 5 (1) 3 (1) 2 (1) 
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Cuddapah District Medak District Krishna District 
Case Ctrl Case Ctrl Case Ctrl 
Gender 
Male 405 517 313 517 218 517 
Female 151 483 177 483 158 483 
Odds Ratio 2.50 1.65 1.29 
95% CI for OR [1.99 …3.15] [1.32…2.07] [1.01…1.64] 
Literacy 
Yes 698 360 573 468 291 301 
No 212 640 329 532 437 699 
Odds Ratio 5.85 1.98 1.55 
95% CI for OR [4.77 …7.18] [1.64…2.39] [1.26…1.90] 
Consanguinity 
Yes 232 790 247 880 221 910 
No 324 210 243 120 155 90 
Odds Ratio 5.25 7.21 7.09 
95% CI for OR [4.17 …6.62] [5.53…9.41] [5.23…9.62] 
Table 6 Relation between Clefts and gender, literacy and consanguinity per district 
2.4 Discussion: 
This study was conducted in 2001. The reason for a delay in publishing these findings is that 
the study of incidence of clefts was part of a much larger programme. This programme was 
a statewide developmental programme where the Government of Andhra Pradesh was 
reaching out to 80 million people of the state. The districts involved with this study have a 
population in excess of 9.45 million. Since most of the data, including the data the 
Government of Andhra Pradesh was collecting, was being collected for the first time, sorting 
out and collating the data took time. 
There are also some drawbacks to a study of this size. Firstly, the study had to be 
simplified such that very few questions had to be asked by the interviewers as other 
programmes were being jointly run by the government. Secondly, the staff interviewing the 
subjects were not trained doctors and therefore could only be trained to identify a cleft, 
and therefore a detailed report on conditions that might have contributed to the cleft could 
not be included in the study. 
Although three districts were selected to reflect the socio-economical diversity of the 
Andhra Pradesh, the generalization from the district to the state level is hypothetical. 
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However, given the size of the state, its population and resources available, it the best way 
one can shed some light on a topic on which, so far, very little information is available. 
While calculating the incidence of cleft based on the data collected, it was agreed that 
those children who were less than one year of age would be included in the census as a 
simultaneous census to see that the total number of live births in that region was 
concurrently going on. We do accept that there might be misrepresentation of children that 
might have died during the year. However, we accepted this method because registry for 
births and deaths is not very accurately maintained in large parts of rural areas of the state. 
A review of studies for incidence of cleft lip and palate shows that there is no particular 
trend in different parts of the world. A WHO study published as Global Strategies to Reduce 
the Health Care Burden of Craniofacial Anomalies in 2000 details the incidence in 13 
countries and the incidence varies from 0.22 to 1.67 per 1000 live births.3
Incidence of oral-facial clefting show ethnic variation. It is generally thought that 
populations of Asian or Native North American descent have the highest incidence, with 
Caucasian populations having intermediate incidence and African populations having the 
lowest incidence.6 
In studies conducted on Caucasian population, the incidence of clefts in Northern Ireland 
was found to be 1.28 for every 1000 live birth.7 The incidence of cleft defects in Stockholm 
County in Sweden was found to be 2.0:1000 live birth.8
In studies conducted in Latin American population, a study in Northeast Mexico showed 
an incidence of clefts to be 1.1:1000 live birth,9 while a study carried out in an African 
population in Nigeria showed a birth rate of cleft anomalies at 0.4:1000 live birth.10
In Asia, a study of a Han Chinese population in Shanghai, China11 showed an incidence 
of 1.12 per 1000 live births. A study of a native Filipino population reported that the 
incidence was higher at 1.54 in 1000 live births.12 A study in Iran showed an incidence of 
1.03:1000 live birth.13 Our study showed an incidence of 1.09 in 1000 live births. In India 
meta-analysis of 25 early studies from 1960 to 1979 involving 407,025 births showed 440 
births with CLP and 25 births with CP with an incidence of 1.08 and 0.23 in 100 live births, 
respectively.4 Most studies, including ours, report a male predominance in the sex ratio in 
cleft lip and palate patients and a female predominance in patients with cleft palate defects 
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also.14-16 However one district in our study showed an unusually high male predominance 
for clefts. This discrepancy needs to be further investigated for any extraneous 
circumstances. Male predominance for cleft lip and palate was also confirmed by the odds 
ratio which determined that there was a greater possibility of a male child being born with 
a cleft lip and palate.  
Most studies give a ratio between unilateral and bilateral cleft lips to be predominantly 
favoring unilateral cleft lips.15,17,18 We found 79% of the cleft lip defects were unilateral in 
nature. It is also widely accepted that left-sided unilateral clefts are more common than 
right-sided unilateral cleft lips,10,14 which is supported by this study. Of the unilateral cleft 
lips in our study 64% of were left sided. 
The type and extent of cleft defects vary according to race. In study published on a 
Caucasian population, the prevalence of CL was 25%, CLP 50%, and CP 25%19 A study on an 
African population, done in Nigeria showed prevalence to be CL 49%, CLP 32% and CP 
19%.10 Our study showed a prevalence of CL to be 33%, CLP 64%, and CP 3%. The reason 
for the low percentage of CP could be due to under reporting of the problem. Cleft palate 
may be undiagnosed at birth and could have been missed in the evaluation of patients. 
As stated earlier consanguinity is a widely practiced ritual in Andhra Pradesh. Our study 
shows that consanguinity of parents is a major risk factor for cleft formation. This study 
highlights the regressive nature of this practice.  
We found a significant differentiation in cleft birth rates between urban and rural areas 
which are in contrast with the Chinese study.16 We found a strong correlation between 
illiteracy and clefts in our study. We also found that illiteracy rates were higher in rural areas 
in the state. We feel, and this was confirmed by the study, that poorer sections of society 
are more likely to be illiterate and the odds ratio of a cleft being born to illiterate parents is 
considerably higher. Malnutrition could also be a possible cause of clefts in undernourished 
parents of a cleft child. Additionally, it should be noted that a relation between illiteracy 
and consanguinity is likely, with a higher percentage of consanguinity in illiterate 
populations. Therefore, a part of the relation between illiteracy and cleft birth rates might 
be due to confounding between illiteracy and consanguinity. Data to check this is currently 
not available. This implies that the relation between illiteracy and cleft birth rate needs 
more study to assess its true size and understand the biological mechanism.  
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2.5 Conclusion: 
Our study showed an incidence of 1.09 in 1000 live births, which was significantly less than 
the Caucasian and Filipino population studies and significantly higher than the African 
population study. It was however comparable to other Asian studies like those done in 
China, Iran and particularly India. It was also comparable to study done in Mexico. 
Three diverse districts of Andhra Pradesh were chosen to represent the state. This 
exercise could be used in other districts to accurately find the incidence of clefts. 
Data sources may influence or bias the results. Thus precise documentations of birth 
and death registry will help evaluate the true values of incidence.
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Summary 
Background 
The number of surgical procedures to repair a cleft palate may play a role in the outcome 
for maxillofacial growth and speech. The aim of this systematic review was to investigate 
the relationship between the number of surgical procedures performed to repair the cleft 
palate and maxillofacial growth, speech and fistula formation in non-syndromic patients 
with unilateral cleft lip and palate. 
Material and methods 
An electronic search was performed in PubMed/old MEDLINE, the Cochrane Library, 
EMBASE, Scopus and CINAHL databases for publications between 1960 and December 2015. 
Publications before 1950-journals of plastic and maxillofacial surgery-were hand searched. 
Additional hand searches were performed on studies mentioned in the reference lists of 
relevant articles. Search terms included unilateral, cleft lip and/or palate and palatoplasty. 
Two reviewers assessed eligibility for inclusion, extracted data, applied quality indicators 
and graded level of evidence. 
Results 
Twenty-six studies met the inclusion criteria. All were retrospective and non-randomized 
comparisons of one- and two-stage palatoplasty. The methodological quality of most of the 
studies was graded moderate to low. The outcomes concerned the comparison of one- and 
two-stage palatoplasty with respect to growth of the mandible, maxilla and cranial base, 
and speech and fistula formation. 
Conclusions 
Due to the lack of high-quality studies there is no conclusive evidence of a relationship 
between one- or two-stage palatoplasty and facial growth, speech and fistula formation in 
patients with unilateral cleft lip and palate.
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3.1 Introduction 
Despite considerable progress in the treatment of children with non-syndromic cleft lip and 
palate, there is no agreement as to the optimal timing, sequence and type of surgical 
procedures that yield the best result. Techniques such as the von Langenbeck (Wallace, 
1987; Lindsay and Witzel, 1990), Veau-Wardill-Kilner pushback (Wallace, 1987) and the 
Bardach two-flap (Bardach and Salyer, 1987; Bardach, 1995) for single stage and 
Schweckendiek (Schweckendiek and Doz, 1978) and Delaire (Markus et al, 1993) for two 
stage palatal repair were recommended. Braithwaite (Braithwaite, 1964), Kriens (Kriens, 
1969) and Sommerlad (Sommerlad, 2003) advocated intervelarveloplasty in the soft palate 
by re-orientation of the levator muscle while the Furlow Z-plasty technique was performed 
to improve soft palate length (Furlow, 1986). 
Several earlier systematic reviews have addressed different issues regarding timing and 
technique of cleft palatoplasty (Nollet et al., 2005; Liao and Mars, 2006; Yang and Liao, 
2010). In a systematic review on timing of hard palate repair and facial growth in 2006, the 
authors came to the conclusion that there is no consensus on the effect of timing on facial 
growth (Liao and Mars, 2006). All included studies in this review were retrospective and 
non-randomized. There was also variation in the timing of hard palate repair and 
inadequate assessment of outcome variables. In 2005 a meta-analysis was published on 
dental arch relationships in complete unilateral cleft lip and palate based on the GOSLON 
yardstick for assessment of dental arch relationships (Nollet et al., 2005). The authors 
concluded that patients whose hard and soft palates were closed before the age of 3 had 
poorer GOSLON scores – indicating maxillary growth deficiency - than patients whose 
palates were closed at a later age. In 2010 a systematic review was published on the effect 
of 1-stage versus 2-stage palatoplasty on maxillofacial growth (Yang and Liao, 2010). Nine 
studies were included, which were all retrospective and non-randomized. Timbang 
(Timbang et al., 2014) in their systematic review compared speech outcomes between 
Furlow's Z-plasty and straight-line intravelarveloplasty techniques in isolated cleft palate 
and unilateral cleft lip and palate. All included studies except one were retrospective and 
non-randomized. There was no statistical difference in fistula rate between Furlow and 
straight line repair. The need for secondary procedures to correct velopharyngeal 
insufficiency in the Furlow group ranged from 0 to 6.7% as opposed to 6.7% to 19.4% in the 
straight line intravelarveloplasty group. Overall, their analyses showed that straight line 
repair combined with intravelarveloplasty was associated with an increased risk of a 
secondary surgery (1.64 times) when compared with the Furlow group. 
So far no systematic review was published in which the results of one stage and two 
stage palatal repair were compared for different outcome variables. Therefore, the present 
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systematic review was performed to examine whether one stage or two stage palatal repair 
are beneficial for maxillofacial growth, speech and fistula rate in patients with non-
syndromic unilateral complete cleft lip and palate. 
3.2 Materials and methods 
3.2.1 Information sources and Search Strategy 
The search strategies were developed and databases were selected with the help of a senior 
librarian specialized in health sciences. The following databases were searched: PubMed 
(from 1951 to 31 December 2015), Cochrane (from 1966 to 31 December 2015), EMBASE 
Excerpta Medica (from 1950 to 31 December 2015), SCOPUS (from 1963 to 31 December 
2015), CINAHL (from 1985 to 31 December 2013).  
The focus of the search was concentrated on two aspects: terms to search for the 
surgical intervention of interest and terms to search for the congenital deformity of interest. 
Free text words and MeSH terms were used and individual search strings for each database 
were formulated as shown in Table 1. 
Publications prior to 1950 were hand searched in journals of plastic and maxillofacial 
surgery. Additional hand searches were performed on studies mentioned in the reference 
lists of relevant articles. There was no language restriction. Grey literature (dissertations, 
conference abstracts) was not searched.  
Search engine / 
database 
Search terms 
PubMED 
("surgery"[Subheading] OR "Palate/surgery"[Mesh] OR Palatoplasty) AND 
(unilateral[tiab] OR bilateral[tiab]) AND ("cleft palate"[MeSH Terms] OR 
("cleft"[tiab] AND "palate"[tiab]) OR "cleft lip"[MeSH Terms] OR ("cleft"[tiab] 
AND "lip"[tiab])) 
Cochrane Library 
(cleft lip:ti,ab,kw or cleft palate:ti,ab,kw) and (palatoplasty:ti,ab,kw or palat* 
surgery:ti,ab,kw or palate repair:ti,ab,kw) 
EMBASE 
(cleft palate/ or cleft palate.mp. or cleft lip/ or cleft lip.mp.) and (palatoplasty/ 
or palatoplasty.mp.)  
Scopus 
(TITLE-ABS-KEY (cleft lip) AND TITLE-ABS-KEY (cleft palate) AND TITLE-ABS-KEY 
(unilateral) OR TITLE-ABS-KEY (bilateral) AND TITLE-ABS-KEY(palatoplasty) OR 
TITLE-ABS-KEY (palat* surgery) OR TITLE-ABS-KEY(palat* repair) AND TITLE-
ABS-KEY (growth) OR TITLE-ABS-KEY (speech) OR TITLE-ABS-KEY (dental arch) 
OR TITLE-ABS-KEY (fistula))  
CINAHL 
(AB cleft lip OR AB cleft palate) AND (AB unilateral OR AB bilateral) AND (AB 
palatoplasty OR AB palat* surgery OR AB palat* repair) 
Table 1. Databases Searched and Search Strings Used 
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3.2.2 Eligibility criteria and study selection 
The inclusion criteria for this systematic review were: study on humans, sample size of n  
10 per group, non-syndromic complete unilateral cleft lip and palate, study that compared 
one and two-stage palatoplasty procedures. All reviews, isolated cleft palate studies, letters 
to editors and case studies and case series were excluded. No language restrictions were 
imposed. 
Eligibility assessment of records was done based on title and abstract in an un-blinded 
manner by two observers (AV, RR) independently. All titles and abstracts were classified as 
included, excluded or unclear. Inter-observer conflicts were resolved by discussion of each 
article to reach a consensus. In the second step, the publications classified under included 
or unclear were retrieved full text for further review by the two observers.
3.2.3 Data extraction 
Quantitative data extracted from each study included outcome in relation to craniofacial 
form, growth of maxilla, mandible, interarch relationship, speech and fistulae formation. A 
data extraction form was developed and piloted and finalized accordingly. Reviewers 
(AV,RR) independently extracted the following data from the included studies: first author, 
year of publication, study design, stage (one or two-stage palatal repair), sample size, cleft 
type, technique of palatoplasty, timing of surgical repair, type of outcome measure, 
adequate and reliable measurements at follow ups, and outcomes. Disagreements were 
resolved by discussion between the two reviewers. If no agreement could be reached a third 
reviewer decided (AK). 
3.2.4 Quality assessment and level of evidence 
Two observers (AV,RR) independently evaluated the methodological quality of the included 
studies according to a grading system developed by the Swedish Council on Technology 
Assessment in Health Care, which is based on the criteria for assessing study quality from 
the Centre for Reviews and Disseminations (CRD) in York, United Kingdom (Deeks et al., 
1996; Bondemark et al., 2007). The grades for methodological quality are listed in Table 2. 
The final level of evidence for each conclusion was graded according to the scale as 
presented in Table 3 (Bondemark et al., 2007; von Böhl et al., 2012). Conflicts, if any, 
between the two observers were resolved by discussion of each article. 
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Quality Grade Methodological Criteria 
Grade A 
high quality 
• Randomized controlled trial or prospective study with a 
well-defined control group;
• Defined diagnosis and end points;
• Diagnostic reliability tests and reproducibility tests
described;
• Blinded outcome measurements
(all criteria should be met; if not, grade B)
Grade B 
moderate quality 
• Cohort study or retrospective case series with a defined 
control or reference group;
• Defined diagnosis and end points;
• Diagnostic reliability tests and reproducibility tests
described 
(all criteria should be met; if not, grade C) 
Grade C 
low quality 
One or more of the following conditions are found: 
large attrition of the sample, unclear diagnosis and end points, 
and poorly defined patient material. 
Table 2.  Grades for Methodological Quality 
Level of Evidence Description of evidence level 
Strong scientific support 
Evidence grade 1 
Conclusion based on at least two studies with level A 
evidence.  
Studies with opposite conclusions may lower the 
evidence grade.  
Moderately strong support 
Evidence grade 2 
Conclusion based on one study with strong evidence 
(A) and at least two with moderately strong evidence 
(B). 
Studies with opposite conclusions may lower the 
evidence grade.
Limited scientific support 
Evidence grade 3 
Conclusion based on at least two studies with 
moderately strong evidence (B). 
If studies contradicting the conclusion exist, the 
scientific basis is judged as insufficient or 
contradictory. 
Inconclusive scientific support 
Evidence grade 4 
If studies fulfilling the evidence criteria are lacking, 
the scientific basis for conclusion is considered 
insufficient. 
Table 3. Level of Evidence Based on Quality Assessment of the Included Studies 
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3.3 Results 
3.3.1 Study selection 
The electronic search revealed a total of 5159 citations: 2,395 from PubMed/MEDLINE, 293 
from the Cochrane Library, 1,376 from EMBASE, 479 from CINAHL and 616 from SCOPUS. 
No additional publications were identified through hand searches. After exclusion of 
duplicate records, 2,759 citations remained. Of those, 2,608 were excluded because after 
reading the abstracts they did not meet the inclusion criteria. The full-texts of the remaining 
151 publications were reviewed in detail. Of these 151 publications 125 were excluded for 
not having met the inclusion criteria. The remaining 26 publications were included in the 
systematic review. The PRISMA flow diagram (Figure 1) provides an overview of the 
selection process. 
3.3.2 Study characteristics and quality assessment 
There was a wide variety in the technique and sequence of surgery. Different methods were 
used to study the outcome of one or two stage palatoplasty which are included in Table 4. 
We have classified the outcome variables into three categories i.e. skeletal growth (growth 
of the cranial base, maxilla, palatal morphology, mandible, jaw relation), speech and fistula 
rates (Table 5a and 5b). 
Table 4 shows the characteristics of the included studies and the quality grade for each 
study. All were retrospective and non-randomized comparisons of one- and two-stage 
palatoplasty. Quality grading of each study was done for growth characteristics studied, 
speech and fistula rates. Six studies were longitudinal studies (Vedung, 1995; Corbo et al., 
2005; De Mey et al., 2006; Stein et al.,2007; Liao et al., 2010; Nishio et al., 2010) while the 
remaining twenty were cross-sectional in design. Seven concerned comparisons of patient 
groups from multiple centers (Ross, 1987; Molsted et al., 1992; Zemann et al., 2007; Zemann 
et al., 2011; Fudalej et al., 2012; Koželj V et al., 2012; Gundlach et al., 2013). No study 
received quality grade A.  
The other gradings are shown in Table 4 and results from grade B studies will be 
described below. 
3.3.2.1  Cranial base 
Of the 26 studies that met the inclusion criteria, seven examined the growth of the 
cranial base (Ross, 1987; Rohrich et al., 1996; Corbo et al., 2005; Liao et al., 2010; Yamanishi 
et al.,2011; Alam et al., 2013; Xu X et al., 2015). There were no high quality studies (grade 
A). Two studies were graded of being of moderate quality (grade B) (Liao et al., 2010; 
Yamanishi et al.,2011). Liao (Liao et al., 2010) found that a one-stage repair was associated 
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with a longer adult length of the cranial base than a two-stage repair, while Yamanishi et al. 
(2011) found no difference between the two treatment approaches. 
Figure 1. PRISMA Flow Diagram of the Study 
3.3.2.2. Maxilla 
Twenty-four studies included in this review examined the growth and/or morphology of the 
maxilla, comparing one- and two-stage repair (Ross, 1987; Molsted et al., 1992; Rohrich et 
al., 1996; Silva Filho et al., 2001; Kitagawa et al., 2004; Corbo et al., 2005; De Mey et al., 
2006; Holland et al., 2007; Stein et al., 2007; Zemann et al., 2007; Yamanishi et al., 2009; 
Liao et al., 2010; Nishio et al., 2010; Yamanishi et al., 2011; Zemann et al., 2011; Bakhri et 
al., 2012; Fudalej et al., 2012; Kozelj et al., 2012; Alam et al., 2013; Gundlach et al., 2013; 
Fudalej et al., 2015; Mikoya et al., 2015; Xu et al., 2015; Tome et al., 2016). There were no 
high-quality studies (grade A). Five studies were graded of being of moderate quality (grade 
B) (Yamanishi et al., 2009; Liao et al., 2010; Nishio et al., 2010; Yamanishi et al., 2011; Fudalej
et al., 2012).
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Two of these studies compared position and length of the maxilla as well as anterior 
maxillary height after one and two stage palatal repair (table 5a) (Liao et al., 2010; 
Yamanishi et al., 2011).Yamanishi found no difference in the position of the maxilla in 
relation to the cranial base at the age of 4 after one stage closure at 12 months versus two 
stage closure at 12 and 18 months (Yamanishi et al., 2011). Liao evaluated two groups of 
patients at 20 years of age (Liao et al., 2010). In the two-stage group, closure of the hard 
palate was delayed until about 6 years of age while in the other group the palate was closed 
completely in a single procedure at 1 year of age. Delayed palatal closure was associated 
with a significantly larger SNA angle at the age of 20. Both studies reported a significantly 
larger maxillary length in the two stage group. Only in the study of Yamanishi an effect was 
found maxillary height which was larger in the two stage group (Yamanishi  et al., 2011). 
The dental casts analysis (Yamanishi et al., 2009) of the same group as reported above 
(Yamanishi et al., 2011) revealed that transverse arch dimensions were significantly larger 
at 4 years of age after two stage palatal closure. Dental cross bite was evaluated in one of 
the four grade B studies and it was found that the prevalence of cross bite at 4 years of age 
was higher after one stage than after two stage palate repair (Nishio et al., 2010). 
Some additional outcome variables were assessed in studies graded B for quality (not 
shown in the table 5a). One study found that palatal morphology was better in the one stage 
repair when compared to two-stage repair (Fudalej et al., 2012). One study found a 
significant improvement in arch circumference in the two stage group (Yamanishi et 
al.,2009). 
3.3.2.3 Mandible 
Sixteen studies evaluated the effect of one stage and two stage palatoplasty on the growth 
of the mandible (Ross, 1987; Molsted et al., 1992; Rohrich et al., 1996; Silva Filho et al., 
2001;Corbo et al., 2005; De Mey et al., 2006; Holland  et al., 2007; Stein  et al., 2007; Zemann 
et al., 2007; Liao et al., 2010; Yamanishi et al., 2011; Zemann et al., 2011, Alam et al., 2013; 
Fudalej et al., 2015; Xu et al.,2015; Tome et al., 2016). There were no high quality studies 
(grade A). Table 4 shows that 2 studies were graded of being of moderate quality (grade B) 
(Liao et al., 2010; Yamanishi et al., 2011). These studies showed no difference between the 
two groups for the position of the mandible in relation to the cranial base. 
Measured as the cephalometric variable Articulare-Menton (Ar-Me) or Articulare-
Gnathion (Ar-Gn) one stage palate repair had a significant influence on the length of the 
mandible (Ar-Gn, p=0.05) at the age of 20 years (Liao et al., 2010), while the other did not 
show such an effect (Art-Me and ramus length) but this was evaluated at 4 years of age 
(Yamanishi et al., 2011). 
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3.3.2.4 Jaw relation 
Fifteen studies compared the jaw relation between the two groups (Ross, 1987; Rohrich et 
al., 1996; Silva Filho et al., 2001; Kitagawa et al., 2004; Corbo et al., 2005; De Mey et al., 
2006; Holland et al., 2007; Stein et al., 2007; Zemann et al., 2007; Liao  et al., 2010; Zemann 
et al., 2011; Fudalej et al., 2012; Fudalej et al., 2015; Xu et al.,2015; Tome et al., 2016). There 
were no high quality studies (grade A) that studied sagittal jaw relationship and only two 
studies qualified as grade B (Liao et al., 2010; Fudalej et al., 2012). Both studies showed a 
better sagittal jaw relationship after two stage palatal repair. 
3.3.2.5 Speech 
Seven studies analyzed speech outcomes (Table 5b) (Vedung, 1995; Rohrich et al., 1996; De 
Mey et al., 2006; Holland  et al., 2007; Liao et al., 2010; Yamanishi et al., 2011; Funayama 
et al., 2014). There were no high quality studies (grade A) that studied speech and only two 
studies qualified as grade B (Holland et al., 2007; Yamanishi et al., 2011). In a retrospective 
case series study comparing one stage with a two stage repair, more articulation errors, 
more hypernasality, more nasal emissions, less favorable values for phonation and more 
VPI were found at 15 years of age in the two stage palate repair group (Holland et al., 2007). 
In contrast Yamanishi found no significant difference at 4 years of age for incidence of 
articulation errors and VPI when comparing one stage and two stage repair (Yamanishi et 
al., 2011).  
3.3.2.6 Fistulae 
Five studies reported on the incidence of fistulae (table 5b) (Vedung, 1995; Rohrich et al., 
1996; De Mey et al., 2006; Holland et al., 2007; Liao et al., 2010). All studies were graded as 
low quality study (grade C).  
3.4 Discussion 
This systematic review aimed to investigate if a one or two stage palatoplasty is more 
beneficial in terms of craniofacial growth, speech and fistula rates. We applied the quality 
assessment tool as developed by the Centre for Reviews and Disseminations to judge the 
quality of the individual studies (Deeks et al, 1996; Bondemark et al, 2007). We feel that 
only reporting the quality criteria of each study included in this systematic review would not 
be adequate. The system we used translates quality scores for individual studies to levels of 
evidence for the questions we wanted to answer about growth, speech and fistula rate 
(Bondemark et al, 2007; von Böhl et al, 2012). Various scales have been proposed to grade 
evidence, but at present there is still no agreed gold standard to be used in systematic 
reviews (Sanderson et al, 2007; Boutron and Ravaud, 2012). 
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3.4.1 Maxillofacial growth 
The translation of quality assessment scores into levels of evidence shows that there is 
contradictory scientific support for the effect of one or two-stage palatal surgery on the 
cranial base (Liao et al., 2010; Yamanishi et al., 2011). However, it seems rather unlikely 
that palate repair affects the growth of the cranial base because of its distance from the 
field of surgery. Liao and his associates (Liao et al. 2010) indeed doubt the importance of 
this result and give as a possible explanation for this effect that it could be related to 
differences in body height of the included patients, which is related to length of the cranial 
base. 
There is inconclusive evidence (evidence level 4) for the effect of one or two stage 
palatoplasty on maxillary growth. Though 4 studies were given quality grade B, the evidence 
they presented was contradictory (Yamanishi et al, 2009; Liao et al., 2010; Nishio et al., 
2010; Yamanishi et al., 2011). Besides different surgical protocols an important reason for 
the contradictory results could be the age at which the final assessment was done. Only one 
study assessed the final outcome after growth had ceased at the age of 20, while the other 
three studies reported results at 4 years of age (Liao et al., 2010).  
This systematic review shows that there is limited scientific support (evidence level 3) 
that two stage palatal closure leads to a better sagittal jaw relationship in the two studies 
that qualified as grade B (Liao et al., 2010; Fudalej et al., 2012). Mandibular position in 
relation to the cranial base is not affected by one or two stage palatoplasty as two studies 
graded B for quality showed that mandibular position was comparable after one or two 
stage palatoplasty (Liao et al., 2010; Yamanishi et al., 2011). 
The two methods that are most commonly used to evaluate maxillofacial growth are 
cephalometry and dental cast analysis. Though cephalometric studies are widely used they 
have an inherent method error that varies depending on the radiographic projection 
(magnification and distortion), type of landmark and the observer (Bongaarts et al., 2008; 
Pittayapat et al., 2015). Aside from the fact that in multi-center studies, different X-ray 
devices are used, anatomical landmarks may also be difficult to identify in patients with CLP. 
For example, in patients with UCLP, A point, and anterior and posterior nasal spine (ANS 
and PNS) should be considered with caution due to abnormal anatomy brought about by 
the cleft, which makes it very difﬁcult to locate these cephalometric points properly, 
especially in children (Bongaarts et al., 2008).  
Outcome measures to assess the effect of certain treatment protocols on maxillofacial 
growth often focus on dental arch relationships. Several indices have been developed for 
this purpose like the GOSLON index, the EUROCRAN index, the 5 Years Olds’ index, and the 
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modified Huddart-Bodenham cross bite score (Altalibi et al., 2013; Jones et al, 2014; Haque 
et al., 2015). These indices are reliable and reproducible. However, 3D analysis of 
longitudinal series of dentals casts is still a problem as it is difficult to determine a stable 
area that allows for superimposition of serial cast data in three planes of space, especially 
in growing children (Chen et al, 2011). 
3.4.2 Speech 
Combining the quality scores of the studies that evaluated speech to levels of evidence, 
there is inconclusive scientific support (evidence grade 4) for the application of 1-stage or 
2-stage palatal repair regarding phonation, nasal resonance, hypernasality, nasal emission,
and speech intelligibility. For articulation errors and prevalence of VPI two studies were
graded B for quality but they show contradictory results and hence no conclusion can be
made (Holland et al., 2007; Yamanishi et al., 2011).
The approach for speech analyses depends on several factors: whether measurement is 
taking place for clinical, audit, or research purposes, the perceptual speech assessment in 
the cleft palate population under study, and the question being asked. For example, 
approaches to capture the developing sound system of infants are vastly different from 
phonetic descriptions of consonant production. Overall judgement of speech 
quality/intelligibility requires a separate set of parameters (Sell et al,2005). In the studies 
included in this systematic review we found that all seven studies used some form of 
perceptual speech rating (Vedung, 1995; Rohrich et al., 1996; De Mey et al., 2006; Holland 
et al., 2007; Liao et al., 2010; Yamanishi et al., 2011; Funayama et al., 2014.). In none of 
these studies reliability tests were performed. Two studies used nasal endoscopy as an 
adjuvant test, but here the reliability of the method was also not tested (Liao et al., 2010; 
Funayama et al., 2014).  
3.4.3 Fistula rate 
All 5 of the studies that compared fistula rates were graded C for quality and therefore there 
is inconclusive scientific support (evidence level 4) for fistula rates in one or two stage 
palatoplasty. We found no clear description in any of the studies as to how presence of a 
fistula was tested. When testing the effect of fistula repair on speech and growth no 
reliability tests were performed and assessors were not blinded to the type of treatment. 
Besides study drawbacks that were related to our research questions as outlined above, 
we also encountered methodological problems in the studies that were assessed for this 
review. Twenty-six studies were included in this review, but all studies were non-
randomized, retrospective studies. There was a wide range of populations examined, 
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sometimes even within studies (Ross, 1987; Molsted et al., 1992; Corbo et al., 2005;;Zemann 
et al., 2007; Zemann et al., 2011; Koželj et al., 2012; Gundlach et al., 2013; Fudalej et al., 
2015).Only six(Corbo et al., 2005; De Mey et al., 2006; Yaminishi et al., 2011; Zemann et al., 
2011; Koželj et al., 2012; Xu et al.,2015) of the 26 included studies used age matched 
controls while some study groups were not perfectly matched with regard to age (Vedung, 
1995; Fudalej et al., 2012; Fudalej et al., 2015). Most studies had small sample sizes of less 
than 30 patients (Molsted et al., 1992; Rohrich et al., 1996; Kitagawa et al., 2004; Corbo et 
al., 2005; De Mey et al., 2006; Stein et al., 2007; Zemann et al., 2007; Zemann et al., 2011; 
Koželj et al., 2012; Funayama et al., 2014; Xu et al.,2015) while in none of the studies a 
power analysis was reported, which made these studies at risk to be underpowered. The 
wide age range at assessment of growth and speech variables (from 4 years to 24.8 years 
of age) made it very difficult to compare studies as developmental changes may have played 
a role in the treatment outcome. Only 3 studies (Silva Filho et al., 2001; Nishio et al, 2010; 
Xu et al., 2015) included separate measurements for males and females.  
Problems such as non-random sampling, wide variations in surgical procedure including 
age at surgery, different assessment methods, and no record or mention of secondary 
revision procedures, have hindered the use of a traditional meta-analysis further and the 
possibility of drawing evidence based conclusions. Suggestions to improve the strength of 
future studies would involve correction of the above mentioned flaws. Long term follow-up 
of one or two stage palatoplasty was not performed in most studies included in this 
systematic review. The studies that had measured long term effects were not graded 
sufficiently well to accept the efficacy of one technique over the other. 
3.5 Conclusions 
This systematic review shows inconclusive evidence for the effect of one-stage or two-stage 
palate repair on maxillofacial growth, speech and fistula rates in patients with unilateral 
cleft lip and palate. Further well-designed, randomized controlled studies, especially 
targeting long-term results, are required.
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Summary 
Background 
Is one-stage or two-stage palatoplasty more effective for preventing fistula formation and 
hypernasality in patients with complete unilateral cleft lip and palate? 
Methods 
This parallel blocked randomized controlled trial included 100 patients with non-syndromic 
complete unilateral cleft lip and palate with a repaired cleft lip, divided into two equal 
groups. Group A had one-stage palatoplasty patients at age 12 to 13 months while group B 
had two-stage palatoplasty patients with soft palatoplasty at age 12 to 13 months and hard 
palatoplasty at age 24 to 25 months. Presence of a fistula was tested clinically at 3 years 
and speech was tested using nasometry and perceptual analyses at 6 years. Group C 
consisted of noncleft controls (n=20, age 6 years) for speech using nasometry. Fistula rates, 
hypernasality ratings, and nasalance scores were compared between groups A and B. 
Nasometry recordings of groups A and B were compared with control group C. 
Results 
There was no difference in fistula rates between groups A and B (p=0.409; 95% CI, 0.365-
11.9). Mean nasalance scores of group A showed higher nasalance than group B (p=0.006; 
95% CI, 1.16-6.53). Perceptual analysis showed no difference between groups A and B 
(p=0.837, p=1.000). Group A showed higher mean nasalance than group C (p=0.837, 
p=1.000), whereas group B showed no difference (p=0.088; 95% CI, −0.14-2.02). 
Conclusions 
There was no difference in fistula rates between groups. Nasalance was slightly higher in 
patients in the one-stage palatoplasty group than two-stage palatoplasty group, but the 
difference was not clinically significant. 
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4.1 Introduction 
Although cleft palate repair has significant benefits for the patient’s feeding and middle ear 
function, the primary purpose of cleft palate repair is to help the patient develop normal 
speech with a functioning velopharyngeal valve.1–4 Incomplete closure of the 
velopharyngeal valve during speech, despite the palate repair, causes velopharyngeal 
insufficiency. In addition, failure to completely close the hard palate can result in a fistula 
that is large enough to cause nasal regurgitation and speech impairment.  
Patients with velopharyngeal insufficiency or a large palatal fistula will demonstrate 
hypernasality and/or nasal air emission during speech.5 The lack of adequate oral airflow 
can also cause difficulties in the production of pressure consonant sounds, such as plosives, 
fricatives, and affricates. As a result, many patients develop active compensatory 
articulations.3,6
There are many techniques used by surgeons to repair a cleft palate. However, there is 
very little agreement between surgeons as to the technique, staging, and timing of cleft 
palate surgery for the best outcomes.7–9 The variations of timing and technique of repairing 
the cleft palate include early closure of the soft palate followed by closure of the hard palate 
and lip,10 simultaneous closure of the cleft lip and palate in a one-stage procedure, 11–13 
closure of the cleft lip first followed by closure of the hard palate and soft palate in one 
operation,14 or soft palate repair followed by delayed hard palate repair.15–18 The purpose 
of this study was to investigate the effect of a one-stage versus two-stage cleft palate repair 
on the incidence of hypernasality and fistula formation in patients with unilateral complete 
cleft lip and palate. 
4.2 Methods 
4.2.1 Trial design 
This study was performed at a high-volume center that performs more than 700 primary 
cleft lip and palate operations every year. The intake period was from January 1, 2010, to 
December 31, 2010. The follow-up period lasted until December of 2015. The local ethical 
committee approved the research protocol based on the guidelines declared by the local 
government. All participants’ parents were informed about the study and signed a written 
informed consent. Reporting of the trial in this article follows the Consolidated Standards 
of Reporting Trials statement.19 This study was a parallel blocked randomized trial. Because 
of the nature of the interventions, surgeon and patients could not be blinded to the 
treatment method. Observers and statistician were blinded for the treatment.  
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4.2.2 Eligibility and randomization 
The inclusion criteria were patients with nonsyndromic complete unilateral cleft lip and 
palate with a previously repaired cleft lip. Exclusion criteria were patients with bilateral cleft 
lip and palate, patients with isolated cleft palate, patients younger than 12 months and 
older than 13 months, and patients with associated syndromic conditions.  
No data from previous studies with comparable outcomes were available; thus, a formal 
power calculation was not possible. We estimated that with an intake period of 1 year, we 
would be able to include 100 patients, which would be a sufficient number for measuring 
the effect of the surgical procedure on hypernasality. We ensured that there was no loss of 
patients to follow-up by meticulously updating their addresses and telephone numbers. 
The surgical interventions and the randomization procedure were explained to the 
parent(s) of each eligible patient. If the parents did not agree to be part of the study, the 
child was excluded from the trial. After obtaining consent from the patient’s parent(s), each 
patient was randomly assigned to either group A (one-stage palatoplasty) or group B (two-
stage palatoplasty). The randomization sequence was generated by a computer program 
(Sealed Envelope Ltd, London, United Kingdom) using blocked randomization in block sizes 
of 20 in each block. Within each block, participants were randomly assigned numbers by a 
computerized program to one of the two treatment groups. The randomization was 
performed by one surgeon who did not perform the surgery (S.G.R.). The surgeon (R.R.R.) 
was blinded to the randomization process. After assigning the treatment method, each 
patient’s parents were informed of the treatment plan by the surgeon who performed the 
randomization (S.G.R.). 
4.2.3 Interventions 
One surgeon (R.R.R.) performed the palatal surgery on patients in both groups. The Bardach 
two-flap technique20 with optimal muscle dissection or levator myoplasty was performed 
for patients in group A (at age 12 to 13 months) as a single procedure. The levator myoplasty 
was performed by relieving the levator muscle from the posterior border of the hard palate 
and repositioning it medially to be sutured to the contralateral levator veli palatini muscle. 
The tensor veli palatini muscle was not disturbed from its attachment (Fig. 1). We did not 
dissect the tensor veli palatini muscle in the soft palate. In noncleft palates, the tensor veli 
palatini is inserted into the palatine aponeurosis and the surface behind the transverse ridge 
on the horizontal part of the palatine bone.21,22 In patients with cleft palate, the tensor veli 
palatini muscle is also attached in the same area and therefore does not require any 
dissection. The patients in group B had soft palatoplasty with levator myoplasty (at age 12 
SPEECH AND FISTULA IN ONE VS. TWO STAGE PALATOPLASTY 
62 
to 13 months) and two-flap hard palatoplasty (at age 24 to 25 months) as a separate 
procedure.  
4.2.4 Presence of fistulas 
Patients in groups A and B were recalled at age 3 years for clinical examination for the 
presence of fistulae. A single examiner (R.R.R.) performed the examination to elicit the 
presence or absence of fistula. The examiner was blinded as to whether the patient had 
undergone a one-stage or two-stage cleft palate repair. Fistula occurrence was tested 
visually as the first stage. If there was no visual sign of a fistula, history of nasal regurgitation 
was elicited. If the parent(s) gave a history of nasal regurgitation, a blunt periodontal probe 
was used to confirm a fistula in the hard palate. If a hard palate fistula was present, the 
fistula was repaired at this stage. 
(Above left) Preoperative view of the soft palate. (Above right) Dissection of the oral mucosa above the muscles of 
the soft palate. (Below left) Levator myoplasty, while ensuring no dissection of the tensor veli palatine muscle. 
(Below right) Postoperative view of the soft palate. 
Figure 1   Soft Palate Dissection and Closure 
4.2.5 Speech analysis 
Patients in groups A and B were recalled at age 6 years to test for hypernasality in speech. 
Two methods were used to test hypernasality: nasometry and perceptual analysis. 
Nasometry is a method of measuring the acoustic correlates of velopharyngeal function 
during speech.23 A nasometer captures data regarding acoustic energy from both the nasal 
cavity and the oral cavity during speech and then calculates the average ratio of nasal over 
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total (nasal plus oral) acoustic energy. This ratio is converted to a percentage value and is 
called the nasalance score.  
Using the Nasometer-II, 6450 (PENTAX Medical, Lincoln Park, N.J.), each patient was 
tested at age 6 by two speech-language pathologists (A.C. and S.K.). Each patient was 
retested after 1 hour by the same two speech-language pathologists. The passages that 
were used were from a revised version of the Simplified Nasometric Assessment Procedures 
Test-Revised, developed by MacKay and Kummer in 2005.6 The Simplified Nasometric 
Assessment Procedures Test-Revised has three subtests: prolonged sounds, picture-cued 
sentences, and reading passages. In this study, the picturecued and reading passages 
subtests were tested. The language used to perform this test was English. Children were 
asked to repeat the stimulus after the examiner. The nasometer was activated only when 
the patient was speaking. 
Perceptual analysis was performed using a standardized protocol for reporting speech 
outcomes in individuals with cleft lip and palate, developed by Henningsson et al. in 2008.24 
A standardized test in Telugu, the local language, known as the Telugu Test of Articulation 
and Phonology, developed by Vasanta in 1990,25 was used as one of the stimuli to determine 
hypernasality. 
The collected speech samples were presented in a random order to two qualified 
speech-language pathologists (A.C. and S.K.) who were blinded to the subject’s identity and 
treatment. These samples were analyzed and scored independently to determine the 
presence/absence and/or severity of five speech parameters. An overall rating of 
hypernasality for each speech sample at the word and sentence levels for 100 single words 
and 10 sentences of the Telugu Test of Articulation and Phonology, respectively, were rated 
using a four-point rating scale, with 0 being the best and 3 being the poorest outcome. 
If hypernasality was found to be present, secondary procedures were performed to 
lengthen the soft palate. If no hypernasality was elicited, speech therapy was continued. 
4.2.6 Control group 
A control group (group C) was assembled with 20 children, aged 6 years, with no history of 
cleft lip and/or cleft palate. As we assumed that the control group would show less 
variability, a smaller group compared with the experimental groups was thought to be 
sufficient. All subjects in this group underwent nasometry and perceptual analysis using the 
same standards as those used for groups A and B. 
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4.2.7 Statistical methods 
Odds ratios were used to compare fistula rates between groups A and B. Reliability of the 
testing method was performed between the test and retest nasometry outcomes and 
calculated by the Pearson correlation coefficient. The duplicate measurement error was 
calculated as the mean standard deviation of the difference between measurement and 
remeasurement divided by √2. The kappa statistic was used to test the reliability of the 
perceptual outcomes.  
For all nasometry and perceptual analysis outcomes measured in the comparisons 
between experimental (A and B) and control (C) groups, mean values of the test-retest 
scores were used. Independent samples t test was used to assess the differences between 
the nasometry outcomes of groups A and B. For perceptual outcomes chisquare tests were 
used to test the differences. 
The nasometry scores between the experimental groups (groups A and B) were 
compared to the control group (group C) using independent samples t tests. The 
relationship between nasometry and perceptual outcomes was tested using analysis of 
variance.  
4.3 Results 
The flow of participants through each stage of the study is detailed in Figure 2. All patients 
in group A were operated on at age 12-13 months. All patients in group B had soft 
palatoplasty performed at age 12-13 months and hard palatoplasty at age 24-25 months. 
No patients were lost to follow up. 
In group A, 15 out of 50 children were female (30 percent). In group B, 20 out of 
50 children were female (40 percent). Because none of the analyses showed gender to be 
of any significance, all results are presented irrespective of gender. 
4.3.1Presence of fistulas 
In group A, 4 children had clinically evident fistulas, whereas in group B, 2 children had 
fistulas. The odds ratio for this was 2.1, which was not significant (p=0.409; 95% CI, 
0.365...11.9). 
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Figure 2 Flow diagram of the workflow through the trial 
4.3.2 Speech Analysis 
4.3.2.1 Test Retest Analysis 
The results for the test-retest reliability for the Simplified Nasometric Assessment 
Procedures Test-Revised are shown in Table 1. A reliability coefficient of more than 0.8, a 
low duplicate measurement error (DME) and a p-value above 0.05 meant that the testing 
protocol was reliable. There was a clear tendency for the second measurements to differ 
from the initial measurements. In all testing parameters, the second measurement was 
lower, this being statistically significant for four out of five outcomes. The differences 
between the first and second measurment ranged from 0.37 to 1.55 percent; these 
differences were small enough to indicate that the differences were within a range to 
consider them reliable. For the perceptual analysis of hypernasality in “single words” and 
“sentences,” the kappa values were 0.799 and 0.765 indicating very good reproducibility of 
these outcomes. 
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Reliability 
Coefficient 
DME Difference P value 95% CI 
Bilabial Plosives 0.895 2.06 1.03 <0.001 [0.45...1.61] 
Lingual Alveolar 
Plosives 
0.927 2.14 1.84 <0.001 [1.24...2.44] 
Velar Plosives 0.910 2.22 1.55 <0.001 [0.93...2.17] 
Sibilant Fricatives 0.912 2.38 1.11 0.001 [0.44...1.78] 
Sibilant Fricatives WO 
Nasals 
0.940 2.03 0.37 0.201 [-0.20...0.94] 
DME, duplicate measurement error. 
*Nasalance scores represent the ratio of nasal acoustic energy divided by the total acoustic energy (nasal plus oral)
and converted to a percentage score between 0 and 100. Units for DME and difference are the same as the variables
tested.
Table 1 Reliability of test-retest analysis of nasalance scores*.  
4.3.2.2 Speech outcomes between one and two-stage palatoplasty 
Table 2 shows the differences between the experimental groups with regard to the 
nasalance scores. The mean nasalance score for group A was 20.61 ± 9.23 percent and the 
mean nasalance score for group B was 16.77 ± 2.15 percent. The difference between the 
groups reached statistical significance (p = 0.006; 95 percent CI, 1.16 to 6.53 percent). Table 
3 shows that for the perceptual analysis of resonance, group A had slightly better results 
(18 patients with hypernasality on single words versus 20 patients in group B), but the 
difference was not statistically significant (p = 0.837 and p = 1.000 for single words and 
sentences respectively). 
Group A Group B Difference P value 95% CI 
Bilabial Plosives 19.98 (8.05) 17.13 (2.80) 2.85 0.021 [0.44...5.26] 
Lingual Alveolar 
Plosives 
20.42 (10.32) 16.42 (2.63) 4.00 0.010 [0.98...7.02] 
Velar Plosives 20.57 (9.48) 17.12 (2.85) 3.45 0.017 [0.65...6.25] 
Sibilant Fricatives 21.21 (10.42) 17.38 (2.94) 3.83 0.015 [0.76...6.90] 
Sibilant Fricatives 
without Nasals 
20.89 (10.70) 15.80 (2.52) 5.09 0.002 [1.97...8.21] 
Mean of nasalance 
scores 
20.61 (9.23) 16.77 (2.15) 3.84 0.006 [1.16…6.53] 
* The table compares mean values of each.
Table 2 Comparison of nasalance scores (standard deviation) between group A and B, using t-tests at 6 years of 
age*.  
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Single Words Sentences 
Score † Group A Group B Group A Group B 
0 32 30 35 35 
1, 2 or 3 18 20 15 15 
p‡ 0.837 1.000 
*The table compares the number of patients who have had scores of 0 (normal) with scores of 1, 2, or 3
(hypernasal).
†0 = normal, 1 = mild hypernasality, 2 = moderate hypernasality, and 3 = severe hypernasality.
‡Fisher’s exact test.
Table 3 Comparison of Perceptual Analysis Outcomes between Groups A and B Using χ2 Tests* 
Group A Group C Difference P value 95% CI 
Bilabial Plosives 19.98 (8.05) 14.80 (2.28) 5.18 <0.001 [2.69...7.67] 
Lingual Alveolar 
Plosives 
20.42 (10.33) 16.08 (2.6) 4.35 0.008 [1.20...7.49] 
Velar Plosives 20.57 (9.48) 15.68 (3.53) 4.90 0.028 [0.53...9.26] 
Sibilant Fricatives 21.21 (10.42) 16.50 (3.22) 4.71 0.052 [-0.04...9.46] 
Sibilant Fricatives 
WO Nasals 
20.89 (10.70) 16.10 (4.49) 4.79 0.058 [-0.17...9.75] 
Mean of nasalance 
scores 
20.61 (9.23) 15.83 (1.76) 4.78 0.001 [2.05…7.52] 
Table 4 Comparison of mean outcomes (standard deviation) of nasometry between experimental groups A and 
control group C using t-tests. 
4.3.2.3 Comparing experimental groups to control group 
Nasometry outcomes for groups A and B were compared with the mean nasalance score 
of the control group (group C), which was 15.83. For patients in group A, the mean 
nasalance scores were higher than subjects in group C, and this difference reached 
statistical significance (p = 0.001; 95 percent CI, 2.05 to 7.52) (Table 4). There was virtually 
no difference in the mean nasalance scores for patients in group B and subjects in group C 
(p = 0.088; 95 percent CI, −0.14 to 2.02) (Table 5).  
4.3.2.4 Relation between Nasometry and Perceptual Outcomes 
In addition to the speech intelligibility between one- and two-stage palatoplasty, we 
compared nasometry to perceptual analysis outcomes. The relation between the two 
outcomes is clear. Table 6 shows that, for all parameters, nasometry scores increase when 
perceptual analysis of hypernasality increases (p < 0.001) 
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Table 5 Comparison of Mean Outcomes ± SD of Nasometry between Experimental Group B and Control Group C 
Using t Tests 
Group B Group C Difference P value 95% CI 
Bilabial Plosives 17.13 (2.8) 14.80 (2.28) 2.33 0.001 [0.92...3.74] 
Lingual Alveolar 
Plosives 
16.42 (2.63) 16.08 (2.6) 0.35 0.621 [-1.04...1.73] 
Velar Plosives 17.12 (2.85) 15.68 (3.53) 1.45 0.078 [-0.17...3.06] 
Sibilant Fricatives 17.38 (2.94) 16.50 (3.22) 0.88 0.275 [-0.72...2.48] 
Sibilant Fricatives 
WO Nasals 
15.80 (2.52) 16.10 (4.49) -0.30 0.781 [-2.50...1.90] 
Mean of nasalance 
scores 
16.77 (2.16) 15.83 (1.76) 0.94 0.088 [-0.14…2.02] 
*All p values refer to analysis of variance.
†0 = normal, 1 = mild hypernasality, 2 = moderate hypernasality, and 3 = severe hypernasality. 
Table 6 Relation between Mean Nasometry Outcomes ± SD and Perceptual Analysis Outcomes for Each 
Parameter* 
Perceptual n 
Bilabial 
Plosives 
Lingual 
Alveolar 
Plosives 
Velar 
Plosives 
Sibilant 
Fricatives 
Sibilant 
Fricatives 
Without Nasals 
Single words 
0 62 
15.73  
(2.00) 
15.71 (2.26) 
16.77 
(3.50) 
16.89  
(2.63) 
16.19  
(3.25) 
1 32 
20.70  
(3.67) 
19.75 (5.61) 
20.13 
(5.48) 
20.61  
(4.76) 
18.78  
(4.51) 
2 6 
36.33 
(10.56) 
39.33 (17.57) 
33.50 
(19.06) 
37.17 
(23.04) 
38.33 ( 
22.82) 
3 0 0 0 0 0 0 
p <0.001 <0.001 <0.001 <0.001 <0.001 
Sentences 
0 70 
16.75  
(2.86) 
16.49 (3.34) 
17.31 
(3.85) 
17.66  
(3.39) 
16.74 
 (3.45) 
1 24 
19.56  
(4.57) 
19.00 (5.81) 
19.92 
(5.89) 
19.48  
(4.97) 
17.92  
(5.01) 
2 6 
35.58 
(12.01) 
38.58 (18.50) 
32.50 
(19.83) 
37.58 
(22.60) 
38.83  
(22.21) 
3 0 0 0 0 0 0 
p <0.001 <0.001 <0.001 <0.001 <0.001 
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4.4 Discussion 
Numerous techniques have been described for the repair of cleft palate. All of these 
techniques aim to completely close the palate, avoid fistulas, provide a competent velum 
for normal speech, and allow harmonious facial growth.19,26 The aim of this randomized 
controlled trial was to assess the effect of one-stage versus two-stage palatoplasty on 
speech and fistula formation. In a recently published systematic review,9 it was shown that 
all previous studies on the effect of one-stage or two-stage palatoplasty on speech27–33 and 
fistula rates27–31 had a retrospective design.  
Of the several surgical techniques available, we chose the levator myoplasty to repair 
the soft palate and the Bardach two-flap technique to repair the hard palate.20 These 
surgical techniques were chosen because the surgeon who performed the surgery in all 
patients was very experienced in their use. We used the same technique in all patients. The 
only variation in procedure was the timing of surgery. The use of the same surgical 
procedures was done to ensure that the study produced results for the timing of the surgery 
and not the technique used. This also ensured that we did not compromise on patient 
safety. 
With regard to fistula rates, four of the five studies28–31 that were reviewed showed more 
fistula formation after two-stage palatoplasty compared with one-stage palatoplasty. The 
findings of our study showed that there was no significant difference between one and two-
stage palatoplasty with regard to fistulas. This study has a low number of fistula formation. 
All the operations were performed by an experienced surgeon which could have reduced 
the number of patients having fistulas.  
Of the eight studies that we reviewed regarding speech outcomes following one and 
two-stage palatoplasty, six studied speech patterns when the patients were adults27-31  and 
two of the studies evaluated children32,33. Except for two studies,29,32 all the other studies 
found that speech in various parameters was better in one-stage palatoplasty than in the 
two-stage palatoplasty.  
In our study, there was no significant difference between groups A and B in the 
perceptual assessment. There were, however, slight differences in the means of the 
nasometry scores, which were 20.61 ± 9.23, 16.77 ± 2.15, and 15.83 ± 1.76 for groups A, B, 
and C, respectively. The difference between groups A and B reached statistical significance. 
However, it should be noted that a 4 point difference between groups A and B and a 5 point 
difference between groups A and C may not be clinically relevant. In the original normative 
study for these same passages in the Simplified Nasometric Assessment Procedures Test-
SPEECH AND FISTULA IN ONE VS. TWO STAGE PALATOPLASTY 
70 
Revised6 using a cohort of 231 normal-speaking children in the United States, the mean was 
found to be 11. A score of 22 was suggested as a threshold value, where scores over that 
value would be considered abnormal. Therefore, the mean score for group A would still be 
considered within the normal range and the speech would unlikely be perceived as 
hypernasal, which is consistent with our results in the perceptual assessment. 
We tested the speech of our experimental groups at the age of 6 years. The time of 
testing was before the maxillofacial growth spurt in young children.34 Further study of 
speech should be performed to determine whether the length of the palate or the 
effectiveness of the velopharyngeal valve changes with further maxillofacial growth. 
Therefore, speech studies after the pubertal growth spurt should be performed to evaluate 
changes in resonance. In addition, it will be important to study the effect of the two 
techniques on the growth of the midface and whether the growth has a role to play in the 
development of speech in such patients. Therefore, we intend to study the patients 
included in this trial for growth and again for speech after growth has been completed to 
evaluate changes in speech patterns.  
4.4.1 Limitations 
One limitation of this study is that we used only hypernasality as our speech outcome. We 
did not measure the ratings of audible nasal emission. Furthermore, the perceptual rating 
of speech was performed by two speech pathologists. We did not perform a perceptual 
rating of hypernasality by untrained listeners. Brunnegård et al.35 have shown that there is 
no significant difference in scoring of hypernasality between trained and untrained 
listeners. However, the same study showed that there was a significant difference for 
audible nasal emission, which was scored higher by speech pathologists when compared to 
untrained listeners. In future studies, we will elicit the response of untrained listeners when 
rating audible nasal emission.  
In addition, we did not perform a power analysis to determine the number of patients 
to be included in each group. This was because there were no previous trials that could be 
referred to. We decided to include 100 patients, which we felt would provide adequate 
power for the study to determine differences regarding speech. The results of the study 
showed that the power for fistula formation was probably low. The power of the study was 
adequate for studying hypernasality based on the positive trends seen in all measurements. 
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4.5 Conclusion 
This randomized controlled trial concludes that there is no difference in fistula rates 
between one and two-stage palatoplasty. There was also no difference in ratings of 
hypernasality between the two groups. Although the mean nasalance of the one-stage 
group was a little higher than the two-stage group and the difference was statistically 
signficant, the difference may not be clinicially relevant as the score was still in the 
borderline/normal range.
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Summary 
Objective 
To determine whether placement of an antibiotic oral pack on the hard palate reduces 
fistula rates after primary cleft palatoplasty.  
Subjects and Methods 
This study was a parallel blocked randomized controlled trial. The study consisted of two 
groups of 100 patients each with non-syndromic unilateral complete cleft lip, alveolus, hard 
and soft palate that underwent primary palatoplasty. Group A had an oral pack placed on 
the hard palate for 5 days post-operatively while group B did not. Occurrence of fistulae 
between both groups was tested using odds ratios (OR). 
Results 
In 2% of the patients in group A, a fistula was found 6 months after palatal surgery. In 
contrast, in 21% of the patients in group B a palatal fistula could be confirmed. The fistula 
occurrence in group A was statistically significantly lower than in group B (OR=0.0768, 
CI=[0.02 … 0.34],p<0.001).  
Conclusion 
The findings of this study provide evidence that the rate of fistula formation after primary 
palatoplasty is significantly reduced if a pack soaked with antibiotic cream is placed on the 
palate postoperatively for 5 days. 
Clinical Relevance 
The use of an antibiotic pack after cleft palate repair can be recommended to prevent 
occurrence of oronasal fistulae. 
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5.1 Introduction 
Primary closure of a cleft palate should result in an intact palate with separation of the oral 
and nasal cavity [1]. Breakdown of the primary cleft palate repair causes oronasal fistulas 
with consequent dysfunction. Such fistulas are reported to occur between 0-77.8% of 
patients after primary palatoplasty [2]. Though the breakdown of a primary repaired cleft 
palate could be due to a number of reasons, localized infection may be a significant cause. 
Infection of any open post-surgical site is a known phenomenon, especially if the site is 
open to food particles. Furthermore, mechanical trauma to the hard palate after 
palatoplasty could be caused by the patient putting his/her fingers in the mouth, eating 
food that is not soft or being bottle-fed with the feeding bottle nipple resting on the hard 
palate. Placing an oral pack made out of a folded piece of sterile gauze soaked in antibiotic 
cream on the hard palate for 5 days post-operatively could address any injury to the healing 
tissue caused by localized infection or mechanical trauma. The aim of this study was to 
investigate whether placement of an antibiotic oral pack on the hard palate reduces fistula 
rates after primary cleft palatoplasty.  
5.2 Materials and methods 
5.2.1 Trial design 
This study was conducted to ascertain whether the placement of a postoperative oral pack 
reduces fistula rates after primary repair of cleft palate. The study design was a parallel 
blocked randomized controlled trial. As this is a surgical trial, the surgeon and patients could 
not be blinded for the treatment. 
This study was conducted from June 1, 2012 to August 31, 2013 at the GSR Institute of 
Craniofacial Surgery, Hyderabad, India, which is a high volume cleft center where 1,400 cleft 
surgeries are performed every year. The local Ethical Committee approved the research 
protocol (ETH/GSRICFS/2011/DEC 2) based on the guidelines declared by the Government 
of India. All participants and parents, if the participants were minors, were informed about 
the study and signed a written informed consent. Reporting of the trial in this paper follows 
the CONSORT (Consolidated Standards of Reporting Trials) statement [3]. 
5.2.2 Eligibility and randomization 
Inclusion criteria for this study were: non-syndromic complete unilateral cleft lip and palate 
with a previously repaired cleft lip; palate repair planned at the age of 12 months. Exclusion 
criteria were bilateral cleft lip and palate; isolated cleft palate; patients older than 13 
months of age and patients with associated syndromic conditions. 
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To detect a reduction of fistula rates with a placement of a palatal pack after primary 
palatoplasty, which we estimated to reduce by 15% with a 2 sided 5% significance level and 
a power of 80%, a sample size of 200 was necessary. The intake period was anticipated to 
be 15 months to recruit the required number of patients.  
Patients who fulfilled the eligibility criteria were randomly assigned to either group A or 
B. The randomization sequence was generated by a computer program (SealedenvelopeTM,
Sealed Envelope Ltd, London, UK) using blocked randomization in block sizes of 20 in each
block. Within each block, participants were randomly assigned numbers by a computerized
program to 1 of the 2 treatment groups. The randomization was performed by one speech
therapist (BB). The surgeon was blinded to the randomization process. After assigning the
treatment method, the patients’ parents were informed of the treatment plan by the
speech therapist (BB). If the parents did not agree to the treatment plan assigned randomly
to their child, the patient was excluded from the study and the number was assigned to the
next patient on the list.
5.2.3 Interventions 
One surgeon (RRR) performed palatal surgery on all patients in groups A and B. The Bardach 
two-flap technique with optimal muscle dissection was the surgery of choice in both groups. 
The patients in group A (n=100) received an oral pack made of sterile cotton gauze soaked 
in Framycetin Sulphate antibiotic cream (Soframycin Skin Cream, Sanofi India Limited, India) 
for 5 days postoperatively (Figure 1). This pack was sutured in such a way that it was closely 
adhering to the hard palate. The patients of group B (n=100) had no pack placed 
postoperatively. In patients where the pack was placed it was removed after 5 days. All 
patients in Group A and B were given intravenous and oral antibiotics, conforming to the 
hospitals’ pediatric surgical protocol i.e. Two doses of intravenous injection Cefotaxime 
25mg/kg body weight 12th hourly for the first 24 hours post-operatively. This is followed by 
oral suspension Amoxicillin and Clavulanic acid 25mg/kg body weight 12th hourly and syrup 
Metronidazole 20mg/kg body weight 8th hourly. These medications are given for 5 days. 
Post-operative feeding was done orally for all patients included in this study. 
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Figure 1  Palatal pack placed on the hard palate 
5.2.4 Outcome 
Patients in group A and B were recalled after 6 months to clinically examine them for 
presence of fistulae. A single examiner (RRR) performed the examination to elicit the 
presence or absence of fistula. The examiner was blinded to whether the patient had a pack 
placed postoperatively or not. Fistula occurrence was tested visually as the first stage. If 
there was no visual sign of a fistula, history of nasal regurgitation was elicited. If the patient 
and/or parent gave a history of nasal regurgitation, a blunt periodontal probe was used to 
confirm a fistula in the hard palate.  
5.2.5 Statistical methods 
The statistical analysis was performed with SPSS version 22 (Chicago, IL, USA). Occurrence 
of fistulae in the study was tested using odds ratios.  
5.3 Results  
The flow of participants through each stage of the study is detailed in Figure 2. All patients 
in groups A and B were operated between 12 and 13 months of age. 
Of the patients in group A (with the oral pack), only 2% showed a fistula 6 months after 
palatal surgery. In contrast, in 21% of the patients in group B (without the oral pack), a 
palatal fistula could be confirmed. The fistula occurrence in group A was statistically 
significantly lower than in group B (OR=0.0768, CI=[0.02 … 0.34],p<0.001) (Table 1). 
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Figure 2 Flow diagram of the workflow through the trial 
Primary palatoplasty 
Group A (n=100) 
with pack 
Group B (n=100) 
no pack 
Fistula 
Yes 2 21 
No 98 79 
Total 100 100 
Odds Ratio 0.0768 
95% CI [0.02 … 0.34] 
p <0.001 
Table 1 Odds ratio of presence of fistulae after primary palatoplasty 
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5.4 Discussion 
Effective palatal fistula management has to be practiced by cleft teams to ensure that 
occurrence is minimized. Nevertheless, the incidence of fistula occurrence after primary 
palatoplasty in patients with palatal clefts has been reported to range between 0 and 77.8% 
[2]. Based on a systematic review on incidence of palatal fistulae after primary palatoplasty 
performed by Hardwicke et al. in 2014, fistula rates in 44 studies included in the review 
ranged between 0 and 35% [4]. Five studies included in the systematic review showed no 
postoperative fistula [2,5-8], while two studies reported a high fistula rate of 34 and 35%, 
respectively [9,10].  
Several studies have searched for an association between the severity of the palatal cleft 
and the rate of fistula formation [11-14]. Some authors have attempted to isolate factors 
that would cause fistulae. The most common ones include tension of palatal soft tissue after 
palatal repair, upper respiratory infection, postoperative hemorrhage, failure of a 
multilayer closure and cleft severity [11,12]. However, none of the studies conclusively 
proved that the severity of the cleft has a clear association with fistula occurrence. There 
are no studies that have attempted to correlate the formation of fistulae with factors such 
as localized infection or mechanical trauma. The present study was performed to test a 
possible reduction of fistula rates by placing a temporary barrier between the hard palate 
and the oral environment to reduce mechanical trauma and by the use of an antibiotic 
cream to reduce infections. The antibiotic pack was kept in place for 5 days at which stage 
the proliferative phase leads to the maturation phase of healing by primary intention [15]. 
Various studies have used palatal splints, bandages and other devices in order to reduce 
the occurrence of palatal fistulae. The most common appendage used is acellular dermal 
grafting [16-21]. Another possibility to protect the hard palate after closure is an acrylic 
splint or a celluloid acetone dressing [22,23]. We preferred the antibiotic cream soaked 
sterile gauze pack to other barriers like acellular dermal matrices or acrylic splints for a 
number of reasons. An antibiotic soaked sterile gauze pack is readily available at the time 
of surgery and it is cost-effective, it does not need to be manipulated into shape and once 
placed, it takes the natural shape of the palate due to the pressure exerted by the tongue. 
Acellular dermal matrix and iodoform gauze was not used due to their higher costs and 
difficulty to procure in India. Acrylic splints were not used due to the time taken for 
preparing a splint and the possibility of an adverse reaction of the palatal mucosa to acrylic. 
This study was a parallel blocked randomized controlled trial. The patients were divided 
into two groups that received an antibiotic soaked gauze pack (Group A) and did not have 
any pack placed post operatively (Group B). To study if the antibiotic cream was a factor in 
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reducing fistula formation, it would have been appropriate to have a group of patients who 
had a pack without antibiotic cream placed post-operatively. This was not done because the 
porous nature of the pack would allow food debris to adhere to the pack and would not be 
flushed away with saliva. The presence of such food debris could provide a focus of infection 
on an open post surgical wound and could cause wound dehiscence. This study also 
excluded patients that did not agree with the treatment plan randomly assigned to them. 
This was done in contravention of the intention to treat principle of randomized controlled 
trials. However, though the patients were excluded from the study, the treatment plan of 
the patients was completed as requested by them.  
Different surgical techniques have been used for primary repair of the cleft in the hard 
palates like the Bardach two flap, von Langenbeck and single layer mucoperiosteal flaps 
[24,25]. Similarly, different techniques like local mucoperiosteal flaps, turnover flaps from 
the palate, tongue flaps, pharyngeal flaps, buccal myomucosal flaps, facial artery musculo-
mucosal flaps, free grafts of bone, cartilage or dermal fat, free tissue transfer for large or 
recalcitrant fistulae and acellular dermal matrix [26-38]as well as tissue engineering 
techniques [39] have been used to treat recurring fistulae. In the present study local 
mucoperiosteal flaps were used in both groups (A and B) to repair the hard palate. To 
further standardize this study, all patients were treated using the Bardach two-flap 
technique. This ensured that a homogeneous group of patients treated by the same 
technique and by the same surgeon was studied for outcomes. The odds ratio of fistula 
formation after primary palatoplasty in children who did not have a pack placed increased 
statistically significantly. This means placing a pack post operatively for patients undergoing 
primary palatoplasty was beneficial in context of oro-nasal fistulae in the hard palate. Which 
type of palatal pack is to be preferred in terms of fistula rate, patient comfort and cost-
effectiveness needs to be investigated further.  
5.5 Conclusion 
The results of this study provide evidence that the rate of fistula formation after primary 
palatoplasty is significantly reduced if a pack soaked with antibiotic cream is placed on the 
palate postoperatively for 5 days. 
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Summary 
Cleft palate repair is done to allow for normal speech by separating the oral and nasal 
cavities and creating a functioning velopharyngeal valve. However, despite cleft palate 
repair, some patients demonstrate velopharyngeal insufficiency (VPI). An attempt was 
made to determine the effectiveness of a modified secondary Furlow Z-plasty in improving 
VPI. Fifty-five children aged between 12 and 15 years, with postoperative VPI following 
primary palatoplasty, were included in the study. These children underwent a modified 
Furlow Z-plasty. Nasometry was done to determine the change in velopharyngeal function 
due to the secondary Furlow Z-plasty by comparing the preoperative with the 1-year 
postoperative nasalance scores. A test–retest study was performed to determine the 
reliability of the nasometric measures. Reliability measurements of the nasometer passages 
revealed good reliability for 18 out of the 25 speech passages. There was a statistically 
significant reduction in VPI at 1 year postoperative in patients who were treated with the 
modified Furlow Z-plasty, with a P-value of <0.001 in all passages, except velar plosives, 
which had a P-value of 0.002. Patients with VPI after primary palatoplasty and treated using 
a modified Furlow Z-plasty had significantly lower nasalance scores at 1 year postoperative, 
indicating significantly improved velopharyngeal function. 
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6.1 Introduction 
Velopharyngeal insufficiency (VPI) is defined as a structural abnormality that results in 
incomplete closure of the velopharyngeal valve during the production of oral speech.1 
Among other causes, VPI can be caused by inadequate length and/or movement of the soft 
palate. Incomplete closure of the velopharyngeal valve can cause hypernasality and/or 
nasal emission. VPI is considered to be the primary cause of hypernasal speech.2 
VPI has been reported in 5–36% of patients who have undergone primary palatoplasty 
for cleft palate.3–5 A variety of treatment options have been described for VPI, including 
secondary velar palatoplasty.6–9 The Furlow double-opposing Z-plasty technique was 
initially described in 1978 for primary repair of a cleft palate.10 In recent years, it has been 
used as a secondary procedure to treat post-palatoplasty VPI.1,11 The aim of this study was 
to determine the effectiveness of a modified Furlow Z-plasty in improving VPI by comparing 
pre- and postoperative nasalance scores. 
6.2 Materials and Methods 
6.2.1 Patients  
This prospective cohort study was performed between February and December 2011. It was 
conducted with 55 consecutive non-syndromic patients with complete unilateral cleft lip 
and palate and postoperative VPI after primary palatoplasty. The patients ranged in age 
from 12 to 15 years. Of the 55 patients, 30 were male and 25 were female. This research 
study was approved by the local ethics committee based on the guidelines declared by the 
Government of India. The parents or guardians of all participants were informed verbally 
about the study and signed a written informed consent. All patients were operated on by a 
single surgeon (RRR). 
6.2.2 Surgical procedure 
A modified Furlow Z-plasty technique was used for each patient. The markings for this 
procedure are illustrated in Fig. 1. 
The marking for the first incision was started with a point on the midline of the soft 
palate corresponding to the posterior border of the hard palate (point A). The next point 
was marked at the middle of the base of the reconstructed uvula, or the middle of the 
posterior border of the soft palate in cases where the uvula had not previously been 
reconstructed (point B). A line was drawn to connect point A with point B. This line was then 
extended up to a distance of 10 mm on both the palatopharyngeal arches (points C and D). 
The incision design of the oral layer was based on the original Furlow Z-plasty, with an 
anterior limb on the left side and a posterior limb on the right side.10 The marking for the 
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anterior limb started from point A and followed a path parallel to the posterior border of 
the hard palate at a distance of 5 mm. It was then extended up to the retromolar area of 
the left side of the maxilla (point E). The posterior limb extended from point B to the right 
side of the soft palate at a right angle to line AB (point F). Care was taken to ensure that the 
lines AB, AE, and BF were equal in length. These incision markings allowed for two flaps to 
be raised, whereby the one on the left could be rotated posteriorly and the flap on the right 
side could be rotated anteriorly. 
Figure 1 Marking for the modified Furlow Z-plasty in secondary palatoplasty. 
The incision was started on the oral layer from point B to A. The incision was continued 
from point B to points C and D. After the incisions ABC and ABD were completed, the 
incision AE was done. A myo-mucosal flap was raised from the nasal layer with the levator 
muscle bundle initially attached to the oral flap, but dissected away from the oral mucosa 
after raising the flap. Next, incision BF was performed. In this second flap, the oral mucosa 
was raised, leaving the levator muscle bundle attached to the nasal layer. The levator 
muscle bundle was raised from the nasal layer in a second stage. The previously closed nasal 
layer was left intact and not dissected as would have been done in a traditional Furlow Z-
plasty. (Fig. 2).  
Figure 2 Extension of the nasal layer. 
MODIFIED FURLOW’S Z-PLASTY TO MANAGE VPI 
92 
The closure of the nasal layer was started posteriorly by approximating the points C and 
D and moving anteriorly up to the intact part of the nasal layer. This closure of the nasal 
layer was done with 4–0 Vicryl sutures (Johnson and Johnson, India) (Fig. 3). The 
approximation of the levator muscle bundle was done with 4–0 PDS II sutures (Johnson and 
Johnson, India) by repositioning the bundle transversely and posteriorly (Fig. 4). Closure of 
the oral layer was done with a Z-plasty by transposing flap BF anteriorly and AE posteriorly 
with 4–0 Vicryl sutures (Johnson and Johnson, India) (Figs 5 and 6). 
Figure 3 Closure of the nasal layer 
Figure 4 Muscle approximation of levator veli palatini, palatoglossus, and palatopharyngeus muscles. 
Figure 5 Preoperative picture of the previously repaired soft palate cleft. 
CHAPTER 6  
93 
Figure 6 Postoperative result of the secondary cleft palate surgery. 
The result of this procedure ensured a lengthening of the soft palate by up to 10 mm 
and ensured that the levator muscle bundle along with the palatoglossus and 
palatopharyngeus muscles were positioned at the posterior-most part of the repaired soft 
palate. 
6.2.3 VPI analysis 
Nasometry is a method of measuring the acoustic correlates of velopharyngeal function 
during speech.12 A nasometer captures data regarding acoustic energy from both the nasal 
cavity (N) and the oral cavity (O) during speech and then calculates the average ratio of 
nasal over total (nasal plus oral) acoustic energy. This ratio is converted to a percentage 
value and is called the nasalance score. The nasalance score can be depicted as follows: 
nasalance = N/(N + O) x 100. When standardized passages are used, nasalance scores can 
be compared. 
Using a Nasometer-II model 6450 (KayPENTAX, Lincoln Park, NJ, USA), each patient was 
tested both preoperatively and at 1 year postoperative by a single speech therapist (BB). 
The passages that were used were from a revised version of the Simplified Nasometric 
Assessment Procedures Test (SNAP Test-R), described by MacKay and Kummer in 2005.13
The SNAP Test-R uses three subtests: (1) the syllable repetition/prolonged sounds subtest, 
(2) the picture-cued subtest, and (3) the reading subtest.
The syllable repetition/prolonged sounds subtest includes 14 consonant–vowel (CV)
syllables of pressure-sensitive consonants combined with either a low vowel (/ɑ/ as in 
‘‘father’’) or a high vowel (/i/ as in ‘‘heat’’). It also includes two prolonged vowels and two 
prolonged consonants. This test provides phonetic specificity of hypernasality and/or nasal 
emission. The picture-cued subtest contains passages that are essentially phonetically 
homogeneous. For each passage, a carrier phrase is used with pictures to form complete 
sentences. Each passage has three pictures to elicit three sentences. Each sentence is said 
twice. There is a passage for each of the following: bilabial plosives, lingual–alveolar 
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plosives, velar plosives, sibilant fricatives, and nasals. The reading subtest consists of two 
short, easy-to-read passages, one loaded with plosives and the other loaded with sibilants. 
These passages are more heterogeneous phonetically than the other two subtests, but are 
still more homogeneous than the ‘phonetically-balanced’ passages that are often used in 
clinical nasometry.13
The language used to perform this test was English. Children who were unable to read 
English were asked to repeat the stimulus after the examiner. In such a case, the nasometer 
was activated only when the patient was speaking. 
For each patient, the mean nasalance score was calculated for each speech sample using 
the nasometer software. The mean of all individual patient scores for each passage was 
then calculated for the preoperative evaluation and also for the 1-year postoperative 
evaluation. Comparisons of the pre- and postoperative nasalance scores were performed 
using the paired t-test. 
Test–retest reliability was determined by repeating the test 1 hour after it was first 
administered for 25 random subjects. Using the results, a paired t-test was performed. 
6.3 Results 
6.3.1 Reliability Analysis 
Analysis of the test–retest measurements revealed various outcomes (Table 1). A reliability 
of lower than 0.8, a large duplicate measurement error (DME), or a P-value lower than 0.05 
are indicators of relatively low measurement performance. For 18 out of 25 outcomes, the 
differences between the two measurements showed statistically significant reliability. The 
following passages showed reliability below 0.8, which is considered low: /sɑ,sɑ,sɑ…/, /ʃɑ, 
ʃɑ, ʃɑ…/ prolonged /i/, prolonged /m/, the Picture-Cued Subtests of Lingual-Alveolar 
Plosives and Velar Plosives, and the Reading Passages Subtest of Bilabial Plosives with 
nasals.  
6.3.2 Comparison of pre- and postoperative nasalance values 
Notwithstanding the limitations of the test–retest measurements, the differences between 
nasalance scores pre- and postoperatively were very clear. For all outcomes, the difference 
showed a statistically significant reduction in VPI postoperatively. For all but one outcome 
in the three subtests, a P-value of <0.001 was found. The values for the velar plosive sound 
also showed a reduction in VPI, with a P-value of 0.002 (Table 2). 
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Key to phonetic symbols:  /ʃ/ = “sh”, /ɑ/ = vowel in “father”, /i/ = vowel in “heat” 
Table 1 Test-retest reliability (n = 25)
Reliability 
Duplicate 
Measurement 
Errors 
Difference p-value 95% CI 
1. Syllable Repetition/ Prolonged Sounds Subtest
Oral + / ɑ/ Syllables  
pɑ, pɑ, pɑ...  0.945 2.33 1.6 0.023 [0.2...3.0] 
tɑ, tɑ, tɑ...  0.897 3.2 2.8 0.006 [0.9...4.6] 
kɑ, kɑ, kɑ...  0.891 3.23 2.8 0.005 [0.9...4.7] 
sɑ, sɑ, sɑ...  0.64 7.69 6.1 0.01 [1.6...10.6] 
ʃɑ,ʃɑ,ʃɑ...  0.639 6.33 5 0.01 [1.3...8.7] 
Nasal + /ɑ/ Syllables 
mɑ, mɑ, mɑ...  0.961 2.42 0.1 0.862 [-1.3...1.5] 
nɑ, nɑ, nɑ...  0.961 2.53 -0.1 0.868 [-1.6...1.4] 
Nasal + /i/ Syllables 
mi, mi, mi...  0.984 1.66 0.5 0.317 [-0.5...1.4] 
ni, ni, ni...  0.969 2.1 1.1 0.082 [-0.1...2.3] 
Prolonged Sounds 
Prolonged /ɑ/  0.977 1.47 0.6 0.137 [-0.2...1.5] 
Prolonged /i/  0.605 9.54 1.6 0.559 [-4.0...7.2] 
Prolonged /s/  0.988 3.07 0.8 0.39 [-1.0...2.6] 
Prolonged /m/  0.663 3.69 -1.5 0.169 [-3.6...0.7] 
2. Picture-Cued Subtest
Oral Passages 
Bilabial Plosives  0.873 4.62 1.1 0.417 [-1.6...3.8] 
Lingual-Alveolar 
Plosives  0.685 6.41 0.1 0.948 [-3.6...3.9] 
Velar Plosives  0.339 18.08 4.6 0.377 [-6.0...15.2] 
Sibilant Fricatives  0.938 3.41 -0.9 0.371 [-2.9...1.1] 
Nasal Passage 
Nasals  0.849 3.67 0.6 0.543 [-1.5...2.8] 
3. Reading Passages Subtest
Passages (Reading)
Bilabial Plosives  
(with nasals)  0.751 5.98 -0.6 0.744 [-4.1...2.9] 
Sibilant Fricatives 
(without nasals)  0.956 2.57 1.6 0.042 [0.1...3.1] 
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Key to phonetic symbols:   /ʃ/ = “sh”, /ɑ/ = vowel in “father”, /i/ = vowel in “heat” 
Table 2 Pre and postoperative analysis of nasalance (n=55) 
Mean 
Preoperative 
Nasalance 
Mean 
Postoperative 
Nasalance 
Difference P value 95% CI 
1. Syllable Repetition/ Prolonged Sounds Subtest
Oral + / ɑ / Syllables  
pɑ, pɑ, pɑ...  33.64 20.55 13.09 <0.001 [9.58...16.60] 
tɑ, tɑ, tɑ...  34.18 22.18 12 <0.001 [8.59...15.41] 
kɑ, kɑ, kɑ...  34.45 23.25 11.2 <0.001 [7.56...14.84] 
sɑ, sɑ, sɑ...  38.53 28.02 10.51 <0.001 [6.59...14.42] 
ʃɑ,ʃɑ,ʃɑ...  39.58 27.78 11.8 <0.001 [8.50...15.10] 
Oral + /i/ Syllables 
pi, pi, pi...  58.75 42.38 16.36 <0.001 [11.62...21.11] 
ti, ti, ti...  60.55 44.76 15.78 <0.001 [11.36...20.2] 
ki, ki, ki...  62.56 47.42 15.15 <0.001 [10.54...19.75] 
si, si, si...  62.52 47.17 15.35 <0.001 [11.08...19.62] 
ʃi, ʃi, ʃi...  61.21 44.45 16.75 <0.001 [12.43...21.08] 
Nasal + / ɑ / Syllables  
mɑ, mɑ, mɑ...  59.07 51.51 7.56 <0.001 [5.24...9.89] 
nɑ, nɑ, nɑ...  59.67 52.11 7.56 <0.001 [5.03...10.10] 
Nasal + /i/ Syllables 
mi, mi, mi...  75.04 68.24 6.8 <0.001 [4.30...9.30] 
ni, ni, ni...  74.25 70.16 4.09 <0.001 [1.83...6.35] 
Prolonged Sounds 
Prolonged /ɑ/  31.82 19.93 11.89 <0.001 [9.79...13.99] 
Prolonged /i/  66.11 46.96 19.15 <0.001 [15.89...22.4] 
Prolonged /s/  65.76 48.71 17.05 <0.001 [11.55...22.55] 
Prolonged /m/  93.65 89.89 3.76 <0.001 [2.49...5.04] 
2. Picture-Cued Subtest
Oral Passages 
Bilabial Plosives  52.22 36.91 15.31 <0.001 [11.24...19.38] 
Lingual-Alveolar 
Plosives  
47.56 34.35 13.22 <0.001 [9.28...17.16] 
Velar Plosives  50.15 40.09 10.05 0.002 [3.76...16.35] 
Sibilant Fricatives  51.64 38.71 12.93 <0.001 [8.99...16.86] 
Nasal Passage  
Nasals  62.24 57.53 4.71 <0.001 [2.96...6.46] 
3. Reading Passages Subtest
Passages (Reading)
Bilabial Plosives  
(with nasals)  50.78 36.22 14.56 <0.001 [11.70...17.41] 
Sibilant Fricatives 
(without nasals)  50.69 36.43 14.26 <0.001 [10.64...17.88] 
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6.4 Discussion 
VPI is a common problem in patients with cleft palate, despite the palate repair. The rate 
of VPI after primary palatoplasty reported by various centres has ranged from 5% to 36%.4–
6 VPI can significantly affect the quality and intelligibility of the child’s speech, and as a 
consequence, affect communication.7–9 Because hypernasality is a characteristic feature of 
VPI, measuring nasalance pre- and postoperatively is an appropriate method to evaluate 
the effectiveness of surgical treatment of VPI. 
There are several surgical methods to manage VPI, including pharyngoplasties, palatal 
lengthening procedures, and even pharyngeal augmentation.14–19 Pharyngoplasties, such as 
the superior-based pharyngeal flap or the sphincter pharyngoplasty, aim to correct VPI by 
reducing the size of the velopharyngeal port.20 On the other hand, palatal lengthening 
procedures, including the Furlow Z-plasty23 and the radical intravelar veloplasty of 
Sommerlad et al.,21 use the soft palate and its muscles to improve palatal length. The 
ultimate goal of VPI surgery is to achieve closure of the velopharyngeal port during speech, 
without obstructing the airway. 
The double-opposing Z-plasty was introduced by Leonard Furlow as a primary procedure 
for initial soft palate cleft repair.10 The Z-plasty has recently been shown to be effective as 
a secondary surgical procedure to treat VPI.22 The first report of the use of the Furlow 
palatoplasty as a secondary procedure for VPI came from Randall et al. in 1986.11 In 1994, 
Chen et al. first investigated the use of the Furlow palatoplasty in secondary palatoplasty 
scientifically and found that it had a positive effect on velopharyngeal function, particularly 
in patients with a velopharyngeal gap of less than 5 mm.23 These findings were confirmed 
by D’Antonio et al. in 200024 and Sie et al. in 2001.22 By comparing pre- and postoperative 
measurements taken from cephalometric X-rays, D’Antonio et al. showed that the Furlow 
double-opposing Z-plasty is capable of increasing the length of the soft palate.24
In the present study, the double-opposing Z-plasty technique for secondary repair of the 
soft palate was modified. The traditional Furlow technique was used to dissect and repair 
the oral mucosa. The modification was in the preparation of the nasal layer and in the 
dissection of the levator veli palatini muscle bundle. The nasal layer from the primary 
surgery was left intact. The decision not to divide the nasal layer was made to avoid the 
additional scarring and surgical wound breakdown that could result due to reduced 
vascularity from dissection during the primary palatoplasty. If any lengthening of the nasal 
layer was required, it was done by extending the incision over the posterior faucial pillar. 
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This resulted in a lengthening of the soft palate and also gave the operator access to the 
palatopharyngeus muscle, in order to improve the mobility of the soft palate. 
In the traditional Furlow Z-plasty, the palatal muscles are dissected only from one of 
their two mucosal covers.10 In the study patients, an intravelar veloplasty for the muscle 
was performed in the secondary cleft soft palate repair. Intravelar veloplasty was first 
described by Kriens in 1970.25 Sommerlad, who later introduced the radical intravelar 
veloplasty, described it as the separation of the velar muscle mass (i.e., levator, 
palatopharyngeus, and palatoglossus muscles) from the oral and nasal mucosa and from 
the posterior border of the maxilla. The levator is identified within the velar muscle mass 
and traced laterally to the levator tunnel, where the levator enters the velum by passing 
above the cranial margin of the superior constrictor. Separation of the velar muscle mass 
from the nasal component of the tensor then allows for untethered retropositioning of the 
levator.26 Though both Kriens and Sommerlad described the technique of intravelar 
veloplasty in primary palatoplasty, the authors feel the radical intravelar veloplasty is also 
appropriate for secondary palate repair. Therefore, in the study patients, the muscle bundle 
was separated from both mucosal covers and they were positioned posteriorly to improve 
the mobility of the soft palate muscles. 
In addition to the perceptual assessment, different instrumental techniques to evaluate 
the results of VPI surgery have been described by various authors. The most common are 
nasendoscopy, Multiview videofluoroscopy, and nasometry. As nasometry is not invasive 
and yields objective data, this method is commonly used for pre and postoperative 
comparisons.27 
The nasometer has been used since 1986 for the clinical assessment of nasal resonance. 
It provides an objective measure of nasality by capturing both oral and nasal acoustic 
energy during speech production and calculating a nasalance score. In this study, the 
nasalance scores were measured through the MacKay–Kummer SNAP Test-R developed by 
MacKay and Kummer.13
In this study the test–retest reliability of the SNAP Test-R scores showed the 
measurements to be reliable in 18 out of 25 tests. This is not surprising, in that when there 
is a velopharyngeal opening during speech, the size of the opening varies with effort, as can 
be seen through nasopharyngoscopy. Of course, the size of the opening determines the 
severity of the hypernasality and nasal emission. 
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The important finding of this study is that, despite the possibility of test–retest 
variability, all subjects showed a reduction in the nasalance score postoperatively. In 
addition, the differences between the measurements before and after treatment were 
large enough not to be due to test–retest variability alone. It is also important to note that 
the scores on the nasal passages were normal postoperatively, suggesting a lack of 
postoperative airway obstruction. 
Chen and colleagues studied secondary palatoplasty using the traditional Furlow 
double-opposing Z-plasty procedure in 18 patients. They obtained velopharyngeal 
competence in 16 patients (89%).23 They reported that good results were obtained in the 
patients whose velopharyngeal gap was less than 5 mm, but not in those with a 
velopharyngeal gap larger than 10 mm. They considered 5 mm as a criterion for this 
operation to be indicated.23 Another study on Furlow palatoplasty for secondary repair was 
performed by Lindsey and Davis.1 They obtained velopharyngeal closure in seven of eight 
patients (87.5%) whose velopharyngeal gap was between 6 and 8 mm. Sie et al. reported a 
complete resolution of velopharyngeal insufficiency in 39.6% of 48 patients.22
Postoperatively, 31.4% of patients had mild or moderate insufficiency and 12.5% had severe 
insufficiency. 
The present study showed that for 24 out of the 25 speech passages, the mean 
nasalance scores of the 55 patients showed a statistically significant improvement 
postoperatively (P-value <0.001). The improvement in nasalance scores (which are 
objective measures) provides further evidence that the modified Furlow Z-plasty procedure 
can decrease a velopharyngeal opening by lengthening the velum. 
Although there was an improvement in the mean postoperative score for the velar 
plosives subtest, the improvement for that one test was not as significant as the other 
passages (P-value 0.002). This can be explained by the possibility of variability with that one 
passage, particularly considering the fact that the two syllable subtest of velars (/kɑ, kɑ, 
kɑ.../  and /ki, ki, ki…/) showed significant improvement. 
Although many patients in this study had postoperative nasalance scores in the normal 
range, the averages of the postoperative scores of all the patients were still higher than 
normal. Because patients for this study were selected consecutively and not based on gap 
size, it may be that, as reported by Chen and colleagues,23 the Furlow Z-plasty is less 
effective for patients with large velopharyngeal gaps (i.e., 5 mm or more). Another probable 
reason for this is the fact that many of the patients continued to have compensatory 
articulation productions postoperatively. 
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Compensatory productions for VPI are typically produced in the pharynx, and therefore, 
they continue to cause nasal emission, even after the function of the velopharyngeal valve 
has been surgically corrected. Therefore, the higher-than-normal postoperative nasalance 
scores in some patients in this study are due to abnormal speech articulation rather than 
abnormal structure and function of the velopharyngeal valve. 
There are limitations to this study. Firstly, there was no way of knowing which technique 
was used to repair the cleft palate primarily. All surgeries except six were performed by 
other surgeons and the patients had no case histories with them. The six that were 
performed at the study hospital were done using Bardach’s technique. Secondly, the 
velopharyngeal gap present preoperatively was not determined in terms of a determinate 
distance. However, velopharyngeal insufficiency was confirmed using nasometry as an 
indication to perform the secondary nasal repair.  
In conclusion, a comparison of the collective pre- and postoperative nasalance scores of 
a cohort of patients with VPI after primary palatoplasty and who were treated with 
secondary palatoplasty using a modified Furlow Z-plasty showed significant improvement 
in VPI at 1 year postoperative. In addition, the nasalance scores suggested a lack of airway 
obstruction postoperatively. 
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7.1 Introduction 
Despite considerable progress in the treatment of children with non-syndromic cleft lip 
and palate, there is no agreement as to the optimal timing, sequence and type of surgical 
procedures that yield the best results when repairing cleft palates. Techniques such as the 
von Langenbeck1,2, Veau-Wardill-Kilner pushback1 and the Bardach two-flap3,4 for single 
stage and Schweckendiek5 and Delaire6 for two stage palatal repair were recommended. 
Braithwaite7, Kriens8 and Sommerlad9 advocated dissection and repositioning of the 
muscles in the soft palate especially the levator veli palatine muscle while the Furlow Z-
plasty technique was performed to improve soft palate length10 (Furlow, 1986). 
Each of the techniques mentioned above have been performed for a fairly long period 
of time. The surgeons performing these techniques have mostly performed longitudinal 
case series studies to test their efficacy in their practice. There are a few multicenter 
randomized controlled trials that have been conducted to compare cleft palate repair 
techniques. The most prominent example of such a multicenter randomized trial is the 
Scandcleft trial of which the results were published recently11,12. That study had a sound 
scientific design but in the end the conclusions were hampered by differences in surgical 
experience between participating surgeons and centers13. There haven’t been, however, 
many studies to compare two or more techniques performed by the same surgeon, and 
even so, to our knowledge there are no randomized controlled trials conducted to 
compare two techniques performed by the same surgeon. 
The aim of this thesis was to study two different techniques of primary cleft 
palatoplasty and their effect on fistula rates and speech. This thesis also attempts to study 
a method to prevent hard palatal fistula formation after primary palatoplasty and a 
method to correct velopharyngeal incompetence. 
7.2 Incidence of cleft lip and palate 
We had established the Hyderabad Cleft Society and its cleft center in 2000. At the time of 
establishing the cleft center, we had no information of the incidence of cleft defects 
around the center we had established. Therefore, we started with a study to assess the 
incidence of cleft defects in the state of Andhra Pradesh in 2001. We decided the best way 
to learn the incidence of children born with cleft defects would be by conducting a study 
in the erstwhile state of Andhra Pradesh because Hyderabad was its capital city and we 
were a referral center for patients predominantly born in Andhra Pradesh.  
The method used to determine the incidence of cleft defects in Andhra Pradesh was 
part of a larger statewide developmental program where the Government of Andhra 
GENERAL DISCUSSION 
106 
Pradesh was reaching out to 80 million people of the state for ensuring better healthcare 
delivery. Three districts were chosen for conducting the study, where one was urban 
(Krishna), one was semi urban (Medak) and one was rural (Cuddapah). The three districts 
involved in this study had a population in excess of 9.45 million.  
In 2015 Kadir et al performed a systematic review and meta-analysis on the prevalence 
of orofacial clefts in middle and low-income countries comparable to the socio-economic 
status of India14. Their research suggests a prevalence between 1.0 and 1.9 children per 
1,000 live births in India and Pakistan. This study also highlights the difficulties in 
accurately collating information of birth prevalence of children with cleft defects mainly 
due to incomplete registration. Children born in these parts of the world are delivered at 
home and are not registered for cleft defects in medical centers. This leads to children 
born with clefts not receiving timely or complete treatment for the cleft defects14. The 
incidence of cleft defects in the state of Andhra Pradesh according to our study was 1.09 
in 1000 live births15. The incidence of cleft palate defects, both cleft lip and palate and 
cleft palate only, in our study was 69% of all clefts born in the region.  
At our cleft treatment center we perform 1,400 cleft surgeries every year. Of these 
1,400 surgeries we perform 800 primary cleft lip and palate surgeries. The large number 
of cleft surgeries performed at our center meant that we could conduct research on large 
cohorts of patients in a relatively short period of time.  
7.3 Maxillofacial growth and speech outcome after one-stage or two-stage palatoplasty 
in unilateral cleft lip and palate. A systematic review 
As we conducted this research project to ascertain if one stage palatoplasty was more 
efficient than a two stage palatoplasty or vice versa, we first set out to perform a 
systematic review on the subject. 
There have been several earlier systematic reviews that have addressed different 
issues regarding timing and technique of cleft palatoplasty16-18. In a systematic review on 
timing of hard palate repair and facial growth in 2006, the authors came to the conclusion 
that there is no consensus on the effect of timing on facial growth13.  
We decided to perform a systematic review on one stage versus two stage 
palatoplasty with respect to fistula formation, speech and maxillofacial growth. We found 
that all studies included in this review were retrospective and non-randomized. There 
were many techniques used, varied timing for closure of the soft palate and hard palate 
and extremely diverse methods of measuring outcomes. 
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Twenty-six studies19-44 were included in this review. All the studies were non-
randomized, retrospective studies with wide variations in populations, age matching and 
sample sizes. None of the studies conducted a power analysis, which made these studies 
at risk to be underpowered. The wide age range at assessment of growth and speech 
variables (from 4 years to 24.8 years of age) made it very difficult to compare studies as 
developmental changes may have played a role in the treatment outcome. 
This systematic review showed inconclusive evidence for the effect of one-stage or 
two-stage palate repair on maxillofacial growth, speech and fistula rates in patients with 
unilateral cleft lip and palate.  
7.4 Effect of One-Stage versus Two-Stage Palatoplasty on Hypernasality and Fistula 
Formation in Children with Complete Unilateral Cleft Lip and Palate: A Randomized 
Controlled Trial 
In our systematic review it was shown that all previous studies on the effect of one-stage 
or two-stage palatoplasty on speech19,20,23,27,28,43,44 and fistula rates, 19,23,27,28,43 had a 
retrospective design with severe methodogical shortcomings. There was a pressing need 
to evaluate the efficacy of one versus two-stage palatoplasty. We hoped to determine if 
the two-stage palatoplasty produced significantly better results with respect to speech 
and fistula rates so as to negate the disadvantages encountered due to increased cost of 
treatment and number of procedures.  
We performed a randomised controlled clinical trial to assess the effect of one-stage 
versus two-stage palatoplasty on speech and fistula formation. 
7.4.1 Cleft palate repair 
We chose the levator myoplasty to repair the soft palate and the Bardach two flap 
techique to repair the hard palate25. We used the same technique in all patients and all 
surgeries were performed by one surgeon. The only variation in procedure was the timing 
of surgery. The use of the same surgical procedures was done to ensure that the study 
produced results for the timing of the surgery and not the technique used by different 
surgeons who may have different skills. In 2017, the Scandcleft randomised clinical trials 
were published that studied different protocols in 10 different cleft centers in 5 countries 
(Denmark, Sweden, Norway, Finland and United Kingdom). Four surgical protocols were 
compared in this study. Although this was a very well designed clinical trial, we felt the 
results were compromised due to the different levels of skills of the participating 
surgeons45. For the same reason of preserving uniformity, we only included patients with 
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complete unilateral cleft lip, alveolus, hard and soft palate who had had their cleft lip 
repaired at age 4 months. 
7.4.2 Fistula rates 
The findings of our study showed that there was no significant difference between one 
and two-stage palatoplasty with regard to fistula formation. Fistula rates in both groups 
were low. This was a desirable outcome, which was possibly due to the experience of the 
surgeon performing the surgeries. 
7.4.3 Speech analysis 
In our study, there was no significant difference between one- and two-stage palatoplasty 
for both perceptual and nasometry outcomes.  Though there were differences in the 
means of the nasometry scores between groups one-stage, two-stage and control groups, 
the differences were not clinically relevant. This is because the mean experimental scores 
were within the normative range for the SNAP Test-R. The SNAP Test-R normative scores 
were calculated using a cohort of 231 normal speaking children in the United States. This 
also meant that the nasometry scores were consistent with the perceptual analysis scores 
which showed that speech was not significantly different in either group. 
We tested the speech of our experimental groups at the age of six years. The time of 
testing was prior to the maxillofacial growth spurt in young children46. We intend to 
further study speech in the same group of patients after the cessation of growth at 18 
years of age.  
In addition, it will be important to study the effect of the two techniques on the 
growth of the midface and whether growth has a role to play in the development of 
speech in such patients.  
Our study did not find any significant difference in the speech and fistula rates 
between one and two-stage palatoplasty. We could interpret this to mean that 
performing a one-stage palatoplasty is a better option to repair cleft palate so that the 
patient morbity and cost can be minimised due to less number of surgeries. 
7.5 Placement of an antibiotic oral pack on the hard palate after primary cleft 
palatoplasty. A randomized controlled trial into the effect on fistula rates 
A systematic review on incidence of palatal fistulae after primary palatoplasty performed 
by Hardwicke et al. in 2014, studying fistula rates in 44 studies included in the review 
ranged between 0 and 35%47. The most common causes for the occurrence of palatal 
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fistulae are tension of palatal soft tissue after palatal repair, upper respiratory infection, 
postoperative haemorrhage, failure of a multilayer closure and cleft severity48,49.  
We performed this study to test a possible reduction of fistula rates by placing a 
temporary barrier between the hard palate and the oral environment to reduce 
mechanical trauma and by the use of an antibiotic cream to reduce infections. There have 
been previous studies that have described mechanical barriers used after primary surgery 
to reduce fistula formation. The barriers used were palatal splints, bandages and other 
devices. The most common appendage used was acellular dermal grafting50-55 while some 
surgeons used acrylic splints or celluloid acetone dressings56,57. We used antibiotic soaked 
gauze as a barrier for 5 days post operatively. In our study we found that placement of 
such a pack significantly reduced fistula formation after primary palatoplasty.  
7.6 Using a modified Furlow z-plasty as a secondary cleft palate repair procedure to 
reduce velopharyngeal insufficiency 
Velo-pharyngeal Insufficiency (VPI) is a common problem in patients with cleft palate, 
despite the palate repair. The rate of VPI after primary palatoplasty reported by various 
centres has ranged from 5% to 36%.58-60 VPI can significantly affect the quality and 
intelligibility of the child’s speech, and as a consequence, affect communication.61-63  
There are several surgical methods to manage VPI, including pharyngoplasties, palatal 
lengthening procedures, and even pharyngeal augmentation.64-69 We performed the 
double-opposing Z-plasty technique with optimal muscle dissection for secondary repair 
of the soft palate was modified. This technique involved the traditional Furlow technique 
to dissect and repair the oral mucosa. The modification was in the preparation of the 
nasal layer and in the dissection of the levator veli palatini muscle bundle. The nasal layer 
from the primary surgery was left intact to avoid the additional scarring and surgical 
wound breakdown. If any lengthening of the nasal layer was required, it was done by 
extending the incision over the posterior faucial pillar. Further, the levator muscle bundle 
was separated from both mucosal covers and positioned posteriorly to improve the 
mobility of the soft palate muscles. 
All subjects showed a reduction in the nasalance score postoperatively. Furthermore, 
the scores on the nasal passages were normal postoperatively, suggesting a lack of 
postoperative airway obstruction. Our study showed that for 24 out of the 25 speech 
passages, the mean nasalance scores of the 55 patients showed a statistically significant 
improvement postoperatively (P-value <0.001). The improvement in nasalance scores 
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(which are objective measures) provides further evidence that the modified Furlow Z 
plasty procedure can decrease a velopharyngeal opening by lengthening the velum. 
7.7 Limitations of the thesis 
The experimental part of the thesis is limited to studying palatal fistulas and speech. 
Ideally, outcomes for patients with cleft defects should include long-term outcome studies 
for maxillofacial growth and dental occlusion as well. The reason this was not done was 
the time limitation to complete the research. Growth outcomes can only be measured 
when maxillofacial growth has ceased which was outside the time frame of this thesis. All 
studies included in this thesis where growth outcomes need to assessed will be performed 
in the future at the appropriate time.  
The randomised controlled trials included in the thesis (Chapter 4 and 5) and the 
prospective cohort study (Chapter 6) do have adequate power except for the study of 
post-operative fistula rates in Chapter 4. However, the low post-hoc power for fistula 
rates in that study was a result of a low number of fistulas seen post-operatively, which 
was beneficial to the patients. 
7.8 Future perspectives 
The results of this trial show that one-stage palatal surgery as performed in this study is a 
viable treatment option to close a cleft palate, but the long-term effect on maxillofacial 
growth still needs to be assessed. Nevertheless, in our treatment protocols in Hyderabad 
we have decided, based on our research, to treat primary cleft palates with a one-stage 
Bardach technique with optimal muscle dissection. This is because our research showed 
that there was no difference in the two-stage and one-stage procedures. Two-stage 
procedures increase morbidity for the young patient which we feel is avoidable. We also 
started using palatal packs post-operatively for all patients who have palate surgery. With 
regard to secondary palatal surgery to improve speech we recommend the use of the 
modified Furlow palatoplasty. 
The final results of the Scandcleft study have shown the importance of having a high 
case load within a centre to be able to perform randomized controlled trials in which a 
limited number of centres and experienced surgeons are involved while the intake period 
is not too lengthy. Trials can be conducted at one centre with a single group of 
researchers if the patient population is large enough. On the other hand, multicentre trials 
may increase the generalizability of results by pooling and comparing results among 
centres.70 There are only very few well-organized high volume centres in the world that 
are able to meet the sample size requirements and also have the research infrastructure 
to perform randomized controlled trials in the field of cleft lip and palate. These centres 
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can be found in China, India, and South-America. To advance the field of cleft lip and 
palate and craniofacial anomalies the future is in the hands of researchers and clinicians 
from all over the world to work together on this common problem. Only then we will be 
able to perform good clinical research to the benefit of present and future generations.  
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In Chapter 1, we try to address the question ‘’Why to study patients with cleft lip 
and palate and their treatment?’’. As a result of a cleft in the palate there is an open 
communication between the mouth and nose. This defect, therefore, causes 
difficulties in speech and eating. The etiology of cleft palate is poorly understood. 
But once a child is diagnosed with a cleft palate, surgical repair is the only viable 
option to close the communication between the mouth and nose. In this thesis, we 
have limited our research to complete unilateral cleft lip and palate. The aim of this 
research project was to understand the cleft palate repair procedures and possibly 
find better techniques to repair cleft palates primarily and secondarily. 
Before starting any research in the field of cleft treatment, we felt it was necessary 
to get more insight into the number of patients that can be treated at our center. 
We initiated a study to determine the incidence of cleft lip and palate in the region 
we set up our hospital. Chapter 2, describes the study we undertook with the local 
government to investigate the incidence of cleft lip and palate.  
In Chapter 3 we report the results of a systematic review that we performed to 
explore previous research into the treatment for primary cleft palate repair, 
specifically comparing one and two stage palatoplasty techniques with respect to 
post-operative fistula formation, speech and growth. Due to the lack of high-quality 
studies we could not find conclusive evidence of a relationship between one- or two-
stage palatoplasty and facial growth, speech and fistula formation in patients with 
unilateral cleft lip and palate. 
Chapter 4 describes the results of a parallel blocked randomised controlled clinical 
trial that was performed to compare one and two stage palatoplasty in children with 
unilateral complete cleft lip and palate. These patients were previously treated for 
their cleft lip defects. This comparison was done for post-operative fistula formation 
and speech. This trial included 100 patients with non-syndromic complete unilateral 
cleft lip and palate with a repaired cleft lip, divided into two equal groups. Group A 
included patients who were operated according to a one-stage palatoplasty at age 
12 to 13 months while group B patients had a two-stage palatoplasty with soft 
palatoplasty at age 12 to 13 months and hard palatoplasty at age 24 to 25 months. 
We found no difference in fistula rates between the two groups. Nasalance was 
slightly higher in patients in the one-stage palatoplasty group than in the two-stage 
palatoplasty group, but the difference was not clinically relevant. This study helped 
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our hospital determine the best protocol for treating our patients with cleft palate 
defects. 
A major complication of primary cleft palate repair is the formation of fistulae due 
to surgical wound dehiscence postoperatively. We performed the study described 
in Chapter 5, to determine if placing an antibiotic pack on the hard palate 
immediately after surgery, would help reduce the incidence of fistula formation. 
This study was a parallel blocked randomized controlled trial. The study consisted of 
two groups of 100 patients each that underwent primary palatoplasty. Group A had 
an oral pack placed on the hard palate for 5 days postoperatively while group B did 
not. Occurrence of fistulae between both groups was tested using odds ratios (OR). 
The findings of this study provide evidence that the rate of fistula formation after 
primary palatoplasty is significantly reduced if a pack soaked with antibiotic cream 
is placed on the palate postoperatively for 5 days. 
Another major complication after cleft palate repair is a persistent defect in speech. 
There are many reasons for such defects to occur. One of the most prevalent 
reasons for such a persistent speech defect is velo-pharyngeal incompetence (VPI). 
A short soft palate is the cause of VPI. This shortening of the repaired soft palate 
does not seal the mouth from the nose sufficiently while the patient speaks, thereby 
causing air to escape through the nose. In Chapter 6, we test the efficacy of a 
modified Furlow’s technique to lengthen the soft palate and reduce VPI. Fifty-five 
children aged between 12 and 15 years, with postoperative VPI following primary 
palatoplasty, underwent a modified Furlow Z-plasty. Nasometry was done to 
determine the change in velopharyngeal function due to the secondary Furlow Z-
plasty by comparing the preoperative with the 1-year postoperative nasalance 
scores. Patients with VPI after primary palatoplasty and treated using a modified 
Furlow Z-plasty had significantly lower nasalance scores at 1 year postoperative, 
indicating significantly improved velopharyngeal function. 
In Chapter 7, we discuss the results of the various studies in the thesis. We also 
discuss the strengths and limitations of the thesis. Based on the results of our 
research we also explain how we have adapted our treatment protocols to include 
the techniques tested here. We recommend future studies, especially to study 
maxillofacial growth in patients which clefts after primary cleft palate repair. This 
research project is the first step in finding common protocols for the repair of cleft 
palate. 
Chapter 9 
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In Hoofdstuk 1 worden de achtergronden van orofaciale schisis en de behandeling ervan 
besproken. Als er een spleet in het gehemelte (palatoschisis) aanwezig is, is er een open 
communicatie tussen mond en neus. Daardoor ontstaan er, onder meer, problemen met 
eten en spreken. Een of meerdere operaties zijn noodzakelijk om de opening tussen mond 
en neus te sluiten. Het doel van dit project was de uitkomst van verschillende chirurgische 
procedures voor het sluiten van het gehemelte te vergelijken en mogelijk betere 
technieken te vinden voor de primaire en secundaire sluiting van een gehemeltespleet. 
Het in dit proefschrift beschreven onderzoek beperkt zich tot de enkelzijdige lip-, kaak- en 
gehemeltespleet. 
Bij de start van dit project hebben we eerst onderzocht wat de incidentie is van lip-, 
kaak- en gehemeltespleten in de regio waar het ziekenhuis in Hyderabad is gevestigd. 
Hoofdstuk 2 beschrijft dit onderzoek dat is uitgevoerd in samenwerking met de lokale 
overheid. 
In Hoofdstuk 3 rapporteren we de resultaten van een systematisch 
literatuuronderzoek naar de uitkomst van primaire sluiting van het gehemelte en met 
name van  sluiting in één of twee fasen. Als uitkomstmaten werden gekozen: het optreden 
van postoperatieve fistels, kwaliteit van spraak en gelaatsgroei bij patiënten met een 
enkelzijdige complete schisis.  Vanwege het ontbreken van onderzoek van voldoende 
wetenschappelijke kwaliteit konden we geen sluitend bewijs vinden voor de effectiviteit 
van het in één dan wel twee fasen sluiten van het gehemelte met betrekking tot 
genoemde uitkomstmaten.  
Hoofdstuk 4 beschrijft een klinisch onderzoek naar de resultaten van chirurgische 
sluiting van het gehemelte in één of twee fasen bij kinderen met een enkelzijdige 
complete schisis met betrekking tot postoperatieve fistelvorming en spraak. Voor dit 
onderzoek werden 100 patiënten geïncludeerd die via blokrandomisatie werden verdeeld 
in twee gelijke groepen. Bij alle patiënten was in een eerder stadium de lip al gesloten. 
Groep A omvatte patiënten bij wie het gehemelte in één operatie werd gesloten op de 
leeftijd van 12 tot 13 maanden. Bij de patiënten in groep B werd het gehemelte in twee 
operaties gesloten waarbij het zachte gehemelte werd geopereerd op de leeftijd van 12 
tot 13 maanden en het harde gehemelte op de leeftijd van 24 tot 25 maanden. We 
vonden tussen beide groepen geen verschil in de prevalentie van fistels. De score voor 
nasaliteit was iets hoger bij patiënten bij wie het gehemelte in één fase werd gesloten, 
maar het verschil was niet klinisch relevant.  
Een belangrijke complicatie van de primaire gehemeltesluiting is fistelvorming als 
gevolg van postoperatieve dehiscentie. In Hoofdstuk 5 onderzochten wij of het plaatsen 
van een gaas met een antibioticumcrème op het harde gehemelte onmiddellijk na de 
operatie fistelvorming tegengaat. Voor dit onderzoek werden 200 patiënten bij wie een 
gehemeltesluiting was geïndiceerd geïncludeerd die via blokrandomisatie verdeeld 
werden in twee groepen van elk 100 patiënten. Groep A kreeg dit antibioticumgaas op het 
harde gehemelte gedurende 5 dagen na de operatie, terwijl groep B dat niet kreeg. Het 
optreden van fistels werd tussen beide groepen vergeleken. Er werden aanzienlijk minder 
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fistels gevonden na primaire palatumsluiting als een gaas, gedrenkt in antibioticum-crème, 
gedurende 5 dagen na de operatie op het gehemelte werd geplaatst. 
Een andere belangrijke complicatie na chirurgische sluiting van het gehemelte is een 
slechte spraak. Spraakproblemen bij een spleet in het gehemelte zijn vaak het gevolg van 
velopharyngeale incompetentie (VPI). Een kort zacht gehemelte is de oorzaak van VPI 
waardoor lucht door de neus ontsnapt tijdens het spreken. In Hoofdstuk 6 onderzochten 
we de effectiviteit van een gemodificeerde Furlow-techniek om het zachte gehemelte te 
verlengen en zo de VPI te verminderen. Vijfenvijftig kinderen in de leeftijd van 12 tot 15 
jaar met postoperatieve VPI na de primaire gehemeltesluiting ondergingen een 
gemodificeerde Furlow Z-plastiek. Met behulp van nasometrie werd de verandering in 
velopharyngeale functie na de operatie volgens Furlow  bepaald door de pre- en 
postoperatieve (1 jaar na operatie) scores voor nasaliteit te vergelijken. Patiënten, die een 
VPI hadden na de primaire gehemeltesluiting en die vervolgens behandeld werden met 
een gemodificeerde Furlow Z-plastiek als een secundaire procedure hadden significant 
lagere scores 1 jaar na de operatie, wat duidt op een significant verbeterde 
velopharyngeale functie en dus betere spraak. 
In Hoofdstuk 7 bespreken we de resultaten en de sterke en zwakke punten van dit 
promotieonderzoek. We bespreken ook hoe wij onze behandelprotocollen hebben 
aangepast op basis van de gevonden resultaten. Verder onderzoek is nodig naar de groei 
van het middengezicht na primaire sluiting van het palatum volgens de in dit proefschrift 
besproken technieken. Dit onderzoeksproject is de eerste stap om te komen tot 
wetenschappelijk onderbouwde protocollen voor de chirurgische sluiting van een 
gespleten gehemelte. 
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